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REVISION OF THE GENUS CALAPOECIA BILLINGS 


INTRODUCTION 

Since Lambe’s revision of the genus Calapoecia in 1899 several new 
species have been proposed, and in spite of Lanabe's work nomenclature 
within the genus has become so confused that it is now no longer possible 
to make a satisfactory identification without the genus being completely 
revised. The writer collected material of this genus from the limestones 
in situ on Akpatok island, Ungava bay, Canadian Northwest Territories, 
while he accompanied the Oxford Hudson Straits Expedition in 1931. In 
addition, he has examined as many specimens as possible from other areas, 
as well as such types as still exist. For the opportunity to do this he has 
to thank the trustees and curators of the following institutions who were 
good enough either to loan or give him material (the letters in parenthesis 
after each are for reference in the present text to catalogue numbers of 
specimens). The British Museum (Natural History) (B.M.), Geological 
Survey, Canada (G.S.C.), United States National Museum (U.S.N.M.), 
Mineralogical Museum of the University of Copenhagen (M.M.K.), 
Paleontological Museum, Oslo (P.M.O.), and the Naturhistoriska Riks- 
museets Stockholm (N.R.S.). The Akpatok Island material has been 
deposited in the Sedgwick Museum, Cambridge (S.M.). 

Measurements of corallite diameters are taken at the surface of the 
corallum and refer to the inside (calical) diameter. Tabulae are counted 
in the centre of the corallites. 

GENUS CALAPOECIA BILLINGS J 

Calapoecia Billings 1865; Columnopora Nicholson 1874, 18751, 1875^^ 
1876, 1879, 1889 (but including C. anticostiensis Bill.) ; Houghtonia 
Rominger 1876, Calapoecm Billings, Lindstrom, 1880, 1882 1, 1883, 1889 
(not including Lyopora)', Columnopora Davis 1887; Calapoecia Billings, 
and Columnopora Nicholson, Miller 1877, 1889; Calapoecia Billings, James 
1893; Calapoecia Billings, Whiteaves 1897; Calapoecia Billings, Lambe 
1899; Calapoecia Billings, Etheridge R. 1903; Calapoecia Billings, Cura- 
ings 1908; Calapoecia Billings, Bassler 1915; Calapoecia Billings, Foerste 
1924; Calapoecia Billings, Twenhofel 1928; Calapoecia Billings, Troedsson 
1928. Not Calapoecia Savage 1913. 

Lindstrom (1899) gives the etymology xaXo? da: 0 LXLa. This surely is 
correct and that of Miller (1889, 1877) is not. Miller has xalo? jtoixiXos 
which would give Calopoecila not Calapoecia. Certain authors have 
written Calapoecia or Calapoecia; these, needless to say, are incorrect. 

Genosyntypes: Calapoecia canadensis E. Billings 1865. No figures. 

Calapoecia huronensis E. Billings 1865. No figures. 

Calapoecia anticostiensis E. Billings 1865. No figures. 

Genolectotype: Calapoecia anticostiemis Billings, G. Lindstrom 1883 

[G.S.C. 22671 
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Diagnosis. Corallum massive hemispherical, irregularly spherical or 
encrusting. Corallites polygonal or circular; walls composed of fused 
septal elements, with pores on vertical and horizontal rows, alternating 
with the septa. Septa typically twenty, wedge-shaped, radiating, of equal 
length, short, usually extending one-fifth or less of the diameter into the 
corallite, inclined slightly upward. Tabulse well developed, complete and 
incomplete. No dissepiments. A coenenchyme may or may not be present; 
if it is, twenty “ costse radiate from the corallites. Buds arise from 
between corallites. 

Remarks. No types were mentioned by Billings. Lindstrom in 1883 
selected C. anticostiensis as the genotype; thus the specimen C. anticos- 
tiensis Billings, “West side of Gamache bay, Anticosti island; Division 1, 
Anticosti group; collected by T. C. Weston,” accepted by the Geological 
Survey, Canada, as Billings’ type of this species and in its collection at 
Ottawa (G.S.C. 2267), becomes the genolectotype. Miller’s selection of 
C. canadensis as genotype in 1889, which was followed by Bassler (1915), 
is thus anticipated. 

The meaning of Billings’ genus is quite apparent from his diagnosis 
and descriptions, and the diagnosis given above differs only in those points 
that can be discerned by more recent methods of study. Billings states 
(page 425) that the corallites are “ perforated as in Favosites and their 
outside striated by imperfectly developed costse.” It will be shown below 
that the perforation of the walls differs from that in the Favositidae, and 
although “ costse ” are present in some members of the genus they are not 
found in all and, therefore, their mention has no place in the generic 
diagnosis. The original diagnosis has, further: “ R,adiating septa (in the 
species at present known) about twenty-four.” The writer is able to 
state that in all the specimens of this genus that he has examined the 
number of septa is constantly twenty. A count of the “ costse ” (continu- 
ous with the septa) in the genolectotype, which Billings must have had 
before him, nowhere reveals more than this number. It is not always 
simple to count the septa at the surface, this is best done in thin sections, 
and the fact that some of the material that Billings examined was silicified 
probably also increased the inaccuracy. 

Synonymy. Nicholson in 1874 described the genus Columnopora 
“ for the reception of a single species of coral, of which I have seen two 
well-preserved examples — one collected from the Hudson River Group of 
Canada by Mr. George Jennings Hinde; the other obtained from the 
Cincinnati Group (Hudson River formation) by Mr. U. P. James” (253). 
The former of these came from Credit river, Ontario, and the latter from 
near Cincinnati, Ohio. In 1875 the same facts were again published in 
two papers by Nicholson, but more material had come to his notice. 
Foerste (1916, 293) states, “The first figured specimen of this species 
(Figure 8 in the Paleontology of Ohio) at present forms No. 216 in the 
James collection in the Museum at Chicago University.” Unfortunately 
the writer has been unable either to borrow or to see the original of this. 
However, he has sectioned and examined the topotype material in the 


^ The use of the term “ costa ” is explained in the footnote on page 22. 
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British Museum. Prom a study of these he is convinced that Columnopora 
Nicholson is congeneric with Calapoecia Billings; indeed, as will be shown 
below, it is cospecific with one of Billings’ species. But again the present 
writer differs on a count of septa: Nicholson (1874, 253) gives twenty- 
four as a maximum, but all of the species enumerated above have twenty, 
as seen in thin section. 

In 1879 Nicholson compared Columnopora with descriptions of Cala~ 
poecia Billings, but although seeing the similarity between C, canadensis 
and C. huronensis Bill, and Col. cribriformis^ was reluctant to go further 
than note it because of the “ entire distinctness ” of the third species, 
C. anticostiensis, which was the only one figured by Billings (the figure 
was published in 1866 in a later paper). Billings added a footnote in 1866 
(33) “ This species appears to be congeneric with Spring ophy Hum organum 
— Sarcinula organu7n." It is not, as will be shown. However, by 1889, 
Nicholson had seen some of Billings’ material. “An examination of the 
original specimens has clearly shown that the forms described by Billings 
under the name of Calapoecia are identical with those described by the 
present writer under the head of Columnopora, and the latter name must 
therefore be abandoned” (1899, 317-8). But he does not accept C. 
anticostiensis Bill, in the genus. Earlier, in 1897, Whiteaves published an 
extract from a letter he received from Nicholson stating the same con- 
clusion. 

Lambe revised the genus in 1899 and gives a detailed and extremely 
competent description. He evidently had examined many specimens. His 
conclusions will be considered in the discussion of species below. Lambe 
included the genera Columnopora Nicholson and Houghtonia Rominger 
as synonyms of Calapoecia. The genus Houghtonia was proposed by 
Rominger in 1876 for the reception of the species H. huronica; but in a 
footnote^ (18) that author says that this genus is identical with Columno- 
pora of Nicholson, which apparently he knew only from published descrip- 
tion. The present writer has not had the opportunity of examining 
Rominger’s material, but his figures and descriptions leave no doubt that 
he had the genus Calapoecia. Rominger notes (18) “ no free communica- 
tion between the contiguous tube walls.” If this were true the assignation 
of Houghtonia to Calapoecia would be most doubtful; but much of 
Rorainger’s material is silicified^ and this alone, as will be shown in 
another connexion, is sufficient to give the appearance of a dense wall, 
especially since no thin sections seem to have been cut. And further, 
Lindstrbm examined specimens of Calapoecia, Columnopora, and Hough- 
tonia, which were sent to him by their respective authors, and concluded 
that all were generically allied (1882, 12), a fact that he stated less fully 
in 1880 (36) in his Index of 1883 (7) and repeated in 1899 (24-5). 

In his papers of 1880, 1883, and 1889 Lindstrbm considered that the 
genus Lyopora should probably be included in Calapoecia. This genus 

1 Nicholson (1879, 161) writes: “Indeed, Dr. Rominger has himself admitted this 
identity in a note appended to a later edition of the same work (1877)”. It should be 
mentioned that this note appears in editions that show no evidence of being later than 
1876, the year of the original edition. 

® I have to thank Dr. Stanley Smith for information on the state of preservation of 
Rominger’s corals. 
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was established in 1878 by Nicholson and R. Etheridge for the reception 
of Paldeopora favosa M’Coy (1850 and 1851) from the Craighead lime- 
stone, near Girvan, Scotland. There are several specimens of this species 
in the Sedgwick Museum including two syntypes, which were used as the 
basis for M'Coy’s somewhat idealized figures (1851). These are S.M. 
A5526a (for Plate Ic, figures 3, 3c, and ? 3d) and A5527 (for Plate Ic, 
figures 3a, 3b) (Plate I, figures 2, 4a, b; Plate II, figures 3a, b). Thin 
sections have been made of these and other specimens. In the first place 
a question relating to the original description must be considered. M’Coy 's 
figures, Plate Ic, figures 36, 3a, show what are called in the description of 
plates “ intervening polygonal tubuli ” in the wall between corallites. 
Nicholson and Etheridge (1878, 28), however, w’ere unable to see this 
structure in their material. Edwards and Haime (1851, 250), apparently 
on the s-trength of this described coenenchymal s-tructure, make Palaeopora 
favosa a synonym of Heliolites inter stincta. T]ie present writer has care- 
fully examined the original specimen of the figure in question and finds 
that a bryozoan has at some time encrusted part of it and a very thin 
film of this remains on one corner, so that the solid corallite wall appears 
to have the polygonal structure that really belongs to the overlying and 
nearly transparent bryozoan. 

Kiaer (1929, 62) has revised the family Lyaporidae. He finds there 
are two genera: Lyopora Nich. and Ether., and Reuschia Kiaer. The 
former he diagnoses (62, 63) as “Lyopora Nich. and Ether. The coralla 
are close or more spreading fasciculate, to massive, basaltiform. The 
corallites are most often thick-walled with strong relatively rare tabulae.” 
Kiaer recognizes two species, L. incerta (Billings) i=Colu7nnaria incerta 
Bill. 1859, and Fletcheria incerta (Bill.) Lambe 1899), and L. favosa. 

Kiaer describes L. favosa as very common in the Mjos limestone 
(upper part of the Middle Ordovician) of Norway. He first recorded it 
as Calapoecia sp, (1897, 40), but after comparing it with material from 
Girvan changed his opinion. In discussing Lindstrom’s suggestion that 
Lyopora might possibly be congeneric with Calapoecia, Kiaer says (60) 
“ The skeleton in this case must be so strongly thickened that the mural 
pores have entirely disappeared. Nevertheless, there is very little likeli- 
hood of such a relationship, as it has never been possible in Lyopora to 
prove the presence of coenenchymal structure between the corallites. 
Neither does the coral, wdth its massive tabulae, show the slightest resem- 
blance to known forms of Calapoecia ” (translated). The last two remarks 
are not true reasons for opposing the amalgamation of the genera, because 
coenenchymal structure is not a generic character in Calapoecia, and also 
the external form of Lyopora is in many cases very similar to that of certain 
Calapoecias, where the septa are obscured in preservation and differ only 
in the thickness of elements and remoteness of tabulae in the former genus 
(four in 5 mm.). 

Although thin sections of Lyopora favosa show very thick and solid 
walls, the reverse of the cribriform condition diagnostic of Calapoecia, this 
species cannot be dismissed so readily from consideration of the synonymy. 
All the material of L. favosa that the writer has examined is probably 
strongly recrystallized and it seems to him that the features considered 
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characteristic of the species, very thick and compact walls, thick tabulae, 
and septa extremely ill-defined, may be due to this phenomenon and be 
superimposed on some more delicate structure. One of the topotypes of 
C. canadensis Bill, kindly lent by the Canadian Geological Survey (G.S.C. 
1136a) showed that it, too, was very recrystallized, with quartz needles, 
calcite, and much dolomite. Practically all the structure was obscured, the 
walls were thick — as thick as in a typical Lyopora — the septa indetermin- 
able, and even the pores, so characteristic of this genus, were extremely 
rarely seen. By these sections alone this specimen could be compared only 
with Lyopora favosa; but there is no doubt at all that the correct identifi- 
cation is C. canadensis Bill., for the surface features of the corallum and 
weathered interior of the corallites can be seen, in this case, just sufficiently 
well for comparison to be made with undoubted C. canadensis. 

This shows the extent to which structure can be obscured by recrystal- 
lization, and it is probable that L. favosa, were it differently preserved, 
would show considerably more detailed structure. It is far from impossible, 
even, that it is related to Calapoecia. An interesting fact in this con- 
nexion is that Calapoecia is not found in Scotland at all. Until further 
evidence is forthcoming the genus Lyopora Nich. and Ether, cannot be 
included in Calapoecia Billings, and must be considered in the light of 
Kiaer’s work (1929) w^hich is the most recent comprehensive study of it. 
For although it is possible that in the cases of the recrystallized Calapoecia 
and L. favosa similar structures are being obscured, it is just as probable 
that dissimilar structures are masked and two different forms are unnatur- 
ally made to appear similar. 

SPECIES AND VARIETIES 

Altogether, seven species of Calapoecia have been described: C. canaden- 
sis, C. huronensis, and C. anticostiensis by Billings (1865) ; C. amphigenia 
Lindstrom (1880) ; C. borealis Whitfield (1900) ; C. favositoidea Savage 
(1913); and C. arctica Troedsson (1928). Included in these by the 
synonymy (5ee below) are Columnopora cribriformis Nicholson (1874), 
Houghtonia huronica Rominger (1876), and Columnopora rayi Davis 
(1887). 

Whiteaves in 1897 (157, 8) combined C. canadensis, C. huronensis, 
Columnopora cribriformis, Houghtonia huronica, Rominger, and also 
“ Hemispherical masses of Syringopora D. Dale Owen (1852) ” under the 
names Calapoecia canadensis. The reference to Dale Owen (page 181) can- 
not be verified as he gives no figures or descriptions. Whiteaves (158) 
followed the opinion of Nicholson that C. anticostiensis was a Syringo- 
phyllum. Lambe’s revision of the genus (1899, 45) makes all these species, 
including C. anticostiensis, but not Owen’s Syringopora, synonyms of C. 
canadensis. 

Unfortunately Lambe’s conclusions have been fairly generally disre- 
garded and a confusion of nomenclature has continued until the present. 
Billings (1865, 426) distinguished his C. huronensis from C. canadensis by 
saying “ it is closely allied to C. canadensis, but has the corallities, in gen- 
eral, more slender, and presents a different aspect.” From his descriptions 
his comparison can be carried farther: C. huronensis has corallites with a 
diameter of less than one line and smaller corallites between them, either 
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separated by half a diameter and circular, or crowded or hexagonal. In 
C. canadensis the corallites have a diameter of one line or more and they 
are either in contact or circular. The writer agrees with Billings that these 
two different “aspects” occur; they are apparently just an expression of 
the conditions under which the coral was growing. But he finds that, 
although two corals may differ in the diameter of their corallites to the 
extent that Billings has indicated, no difference in structure can be observed 
to accompany this variation in size. Moreover, the extent of this variation 
can be observed in a single corallum, or two coralla from the same horizon. 
Foerste (1916, 295) states that “ The Black River specimens of Calapoecia 
appear to have thinner corallite walls, the arrangement of the pores along 
horizontal lines appear more conspicuous, and the denticulation along the 
septal ridges appears more conspicuous, but Lambe is probably correct in 
failing to find any constant difference, of sufficient importance to be 
regarded as specific, between the Richmond and Black River forms.” And 
again in 1929 (144) “ at any rate, Calapoecia is very rare in the Black River 
formation, the colonies are very small, the corallites are relatively small, 
and such specimens as I have collected myself and saw in the collection 
in the Geological Survey of Canada appeared to me distinguishable from 
those in the Richmond, though I might change my mind on making a 
detailed study of the series.” The present wTiter has found considerable 
variation in the Richmond examples of Calapoecia canadensis or huronen- 
sis and is unable to agree with Foerste’s statement as to the difference 
between Black River and Richmond examples. Even the “ aspect ” of 
certain Richmond forms is identical with that of the Black River examples 
that have been examined. 

The result of the present study is that undoubted C. canadensis is 
seen to vary over a number of specimens so gradually in the direction of 
“ C. anticostiensis ” that these two forms cannot be regarded as separate 
species. The significance of this variation is discussed on a later page. 
Distinction between forms cannot be based on the diameter of corallites, 
as Troedsson has suggested (1928). A difference in internal structure does 
not accompany a variation in this character; nor can groups characterized 
by a distinct size of corallite be distinguished, for there is every graduation 
from the smallest to the largest size. 

But since the two extremes of this variation are easily recognizable in 
the field, it is convenient that each should be distinguished by name. This 
being so, the stage in the variation intermediate between these two, and 
which could be compared with equal truth with either one or the other 
of these extremes, should be distinguished also. It is proposed, then, to 
revise the genus Calapoecia Billings as follows: 

DIAGNOSIS OF VARIETIES OF CalapOCCia BILLINGS 

C. canadensis Billings Corallites in contact, no coenen' 

chyme. 

C. canadensis var. ungava, var Corallites both in contact and dia- 

nov. tant; with little or no coenen- 

chyme. Intermediate between the 
above and var. anticostensis. 


7 


C. canadensis var. anticosiiensis Corallitea circular, more or less dis- 

Bill. tant* “costae” and coenenchyme 

present. 

C. canadensis var. anticosiiensis Corallites about 3 mm. diameter; 

forma arctica the peripheral incomplete tabulae 

Troedsson are slightly more numerous than 

in var. anticosiiensis, of which this 
is just a giant form (See page 17). 


Calapoecia canadensis Billings 

(Plate I, figures 1, 3, 5; Plate II, figures 1, 2, 5-9) 

Calapoecia canadensis, C. huronensis Billings 1865; Columnopora 
cribriformis Nicholson 1874, 1875^, 1875^, 1879; Houghtonia huronica 
Rominger 1876 {in parte); C. cribrijormis Lindstrom 1882; Col. rayi {in 
parte) and C. cribriformis Davis 1887; C. canadensis, C, huronensis, 
C, cribrijor^nis, Miller 1889; C. canadensis (ex Billings) Whiteaves 1897; 
C. canadensis (ex Billings) Larabe 1899 (not including C. anticosiiensis) ; 
C. canadensis Schuchert 1900; C. borealis Whitfield 1900 {in parte, i.e. 
figures 3, 5, 6) ; C. cribriformis and C. canadensis Foerste 1903, 1909, 1917, 
1924; Columnopora cribriformis Cumings 1903; C. canadensis (not includ- 
ing C. anticosiiensis), C. borealis {in parte) and C, cribriformis Bassler 
1915; C. huronensis, C. borealis {in parte) Troedsson 1928 (i.e. Plate 33, 
figures 2a, b; Plate 34, figures 2, 3; Plate 36) ; C. anticosiiensis {in parte) 
Twenhofel 1928; C. canadensis Kiaer 1930, not C. canadensis Holtedahl 
1913, 1917. 

Holotype and all author's types of this species are lost.i 

Neotype here selected is G.S.C. 1136b from Paquette rapids, near 
Ottawa. It is not an altogether satisfactory specimen for it is silicified, 
but this is the disadvantage attendant on a selection from the type locality. 

Diagnosis. Calapoecias that have corallites in contact and no coenen- 
chyme. 

Horizon. C. canadensis is found typically in Black River and Rich- 
mond strata. 

DESCRIPTION OF C. CANADENSIS 

The coralla are radiating masses, sometimes reaching a fairly large 
size. A very typical shape assumed is that of an irregular sphere some- 
what elongated along one axis, with calices opening all over the surface; 
but the coralla may be tuberose or originally encrusting and growing 
around corals, bryozoa, or even pieces of limestone. The corallites, as 
seen on the surface, are in contact and may be polygonal or circular; in 
the latter case the wall is thickened in the angles. The maximum diameter 
of corallites in a colony varies from 1*5 mm. to 3 mm. over the specimens 
that have been examined, but there may be considerable variation in a 
single corallum. New corallites arise between pre-existing ones and not 
by fission. With variations in size of corallites there is not a corresponding 

^ Personal communication 1934 from Mr. E. M. Kindle of the Geological Survey, 
Canada. 
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variation in internal structure. In reasonably well-preserved specimens 
the septa can be seen at the surface as very short and wedge shaped. The 
surface of a longitudinal break down the corallum shows, when weathered, 
the very typical cribriform appearance of the interior of the corallite. 
Here the septa can be seen as low, vertical ridges produced about every 
0*5 mm. into short, wedge-shaped spines, which are contiguous at their 
bases with their neighbours on a horizontal plane, and thus lie in vertical 
and horizontal rows. Alternating with these septal spines, and owing their 
presence to a lack of fusion between the septa except at these regular and 
limited regions, are well-developed mural pores. These may appear as 
quadrangular, oval, or circular, depending on preservation and the depth 
of weathering. 

The internal structure of this species is very distinct. In transverse 
sections many of the corallites appear as circular (but only in that the 
polygonal shape is roughly rounded off), and the "wall” separating them 
may present one of two aspects, depending on the immediate horizon of 
the section. If it is cut where the septa are in contact, this “ wall ” is 
solid, with short, wedge-shaped spines arising from it alternately on one 
side and the other; but where it is cut through an horizon where the septa 
are not in contact, which is usually for a greater distance than that for 
which they are, the " wall ” is seen to be represented only by sections of 
isolated septa, separated from their neighbours by a varying width of pore. 
In such sections the original alternate arrangement of the septa in adjoining 
corallites may be lost, one unit extending straight from one corallite to 
the next. 

It can be seen, then, that there is no true wall, and the corallites are 
bounded by an open lattice work of septal elements, recognizable in either 
longitudinal or transverse sections by the radiation of fibres that con- 
stitute them. From the point of view of description, Nicholson’s trivial 
name for this species, cribriformis^ although invalid, is a particularly 
happy one. The situation in Favosites, with which Billings compared the 
pores of this genus, is very different; for there a definite wall is developed 
and pores pierce it, and sometimes, even, there is a collar-like thickening 
of the wall around them. 

In longitudinal section the periodic raising of the septal ridges to 
spines, already described from the external appearance, is well seen, giving 
the corallite boundary, if no pores are cut, a serrate appearance inward, 
with the spines, which dilate constantly toward their bases, directed 
slightly upward. The "dark line” of Ogilvie (1896) is in many cases 
visible in transverse sections of septal ridges or spines where, in longitudinal 
section, the " wall ” between two corallites is made of two opposed septal 
ridges. 

The tabulae are for the most part complete and fairly straight, but 
there is some variation in this as in the number, which, how^ever, is usually 
about 15 in 10 mm. They may pass from one corallite to the next straight 
through a pore. The constant sharp upturning of tabulae at the margins 
of the corallite, characteristic of C. canadensis var. antic ostiensis, is not 
found in this species. 
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The accommodation for circular corallites in this condition is simple, 
and consists of a more or less developed irregularity of septal structure 
in the angles of would-be polygonal corallites. Rarely a few extra columns 
are seen in such areas in section; these have all the appearance of septal 
ridges but do not lie on the periphery of the corallite. A single specimen 
collected by Lauge Koch from cape Calhoun (M.M.K. 431) shows this 
structure multiplied considerably. It is discussed below in the considera- 
tion of Troedsson’s material and is referred to this species, not to C, 

Nicholson noticed some intramural va- 
cuities in his material (1879, 160). Most of 
the sections of C. canadensis examined by 
the writer show these vacuities (Plate II, 
figure 7). They do not always occur in the 
wall, but are usually found near it. In 
transverse section they are circular or oval 
and in longitudinal section appear as shapes 
varying from circular to inflated vermiform. 
Usually they are occupied by transparent 
calcite and show no structure; their bound- 
aries are dark; occasionally, however, they 
are filled in with opaque (muddy) material. 
These vacuities may open as small tubes on 
the surface of the corallum. Nicholson’s 
comparison with similar structures seen in 
Pleiirodictyum cannot be carried far, for in that case the tubes were formed 
prior to the coral skeleton, which was modified to conform with their pres- 
ence (1879, 147). But here the vacuities may traverse septal structures 
which were obviously there before them. As a rule, however, the vacuities 
occur more commonly in the porous parts of the corallite “wall.” Their 
irregular occurrence shows definitely that they are not part of the coral 
structure, a fact borne out by a complete absence of them in the Akpatok 
Island and Cape Calhoun examples of Calapoecia, They suggest, more 
than anything that has come to the waiter’s notice, the presence of some 
form behaving like the Recent polychaete Leucodora, which perforates the 
corallum of Heliopora (Hickson 1924, 119-120). This modern form, how- 
ever, secretes a calcareous tube, which structure is apparently absent (or 
at any rate unpreserved) in the perforations in these Calapoecias. If the 
vacuities have such an origin, the invading organisms must have been able 
to destroy calcium carbonate in some way, for as already mentioned the 
septal structures may be broken. i The vacuities do not extend parallel to 
the corallites very far. The occurrence of such vacuities in Lyopora 
has not been observed in any of the specimens examined by the writer. 
Nicholson designates them “ intramural canals ” in his description of Plate 
Vn, figure 2b, but since they are so apparently not part of the original 
structure of Calapoecia canadensis it would be better if they were known 
by some name conveying less association with the structure, such as “ dis- 
ruptive canals.” 

^ Professor Keiliu, who kindly examined sections showing these vacuities, said he 
knew of no modern para-site that was capable of behaving in such a manner and suggested 
that perhaps bacteria might be responsible for the vacuities. 


borealis as he suggested. 



Figure 1. Calapoecia canadensis 
Billings. Enlarged drawing of 
part of a weathered specimen 
from Manitoulin island, lake 
Huron, Ontario. B-M. R21o37. 
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The provenance of specimens examined and referred to this species 
is: Paquette rapids/ about 70 miles up the Ottawa river from Ottawa 
city (G.S.C. 1136a-d); cape Smyth, lake Huron (G.S.C. 1985); Cincinnati, 
Ohio (B.M. R428) ; Waynesville, Ohio (B.M. R524) ; Credit river, west 
of Toronto (B.M. R21761) ; Madison, Indiana (B.M. R21482, R21483, 
R21484) ; Warren county, Ohio (B.M. R30146) ; Salt river, Kentucky 
(B.M. R30147, R30148) ; Bardstown, Kentucky (B.M. R30149, R30150) ; 
West End, Anticosti island (B.M. R21503) ; Akpatok island (S.M. A6687-8, 
A6686) ; cape Calhoun, Northwest Greenland (M.M.K. 433, 428, 431) ; 
0vre Vikenes, Stord, Norway (P.M.O. Reusch Coll.) ; and the head of 
Frobisher bay, Bafl&n island (U.S.N.M. 28142). Kiaer’s specimens from 
the Kalstad limestone, near Kalstad, Meldal, Trondheim (P.M.O. 31411, 
31412, 31413, 31414), Plate II, figure 8, and from the Mjos limestone, 
Helgrya island, lake Mjosa, Norway (P.M.O. 38424) Plate II, figure 
9, are badly preserved, but should be identified with Lyopora favosa 
(M'Coy) and not with Calapoecia, as Kiaer suggested. The stratigraphy 
and distribution of the species are considered on later pages. The species 
is characteristic of Black River and Richmond strata. 

Synonymy. As the types are lost and the description is founded on 
characters visible externally only, two alternatives with regard to synonymy 
offer themselves. In the first place the species could be discarded as 
unrecognizable, in which case material subsequently collected from this 
locality and presumably belonging to the species would have to be 
redescribed under a new name. But if a form is found to occur at the 
type locality, which alone can fulfil the original description, it would be 
reasonable to redescribe it under that original name. The present writer 
proposes to adopt the latter course and his decision is strengthened by 
the work of Lambe (1899) who has examined such material while working 
with the Geological Survey, Canada. 

Specimens labelled C. canadensis Billings and collected from Paquette 
rapids, about 70 miles up the Ottawa river from Ottawa city,” probably 
all by T. C. Weston in 1^1 (G.S.C. 1136a-d), have been lent to the writer 
for study (Plate I, figure 1). These perfectly fulfil Billings' description as 
far as it goes. Very unfortunately this material is so recrystallized that no 
reliance can be placed on the appearance in thin section, where even such 
internal structure as is visible on the weathered interiors of calices is lost. 
But the external form and the detail brought out by weathering have 
been compared with the appearance of specimens from Cincinnati, Credit 
river (Plate I, figure 3), and elsewhere, with the result that there is no 
doubt that all these are identical. This other material shows well in thin 
sections and has been compared in this respect with C. huronensis Billings. 
The writer has before him a specimen of C. huronensis (G.S.C. 1985) 
labelled “Cape Smyth. 1859. R.B.” (Plate I, figure 5; Plate II, figure 
9). In view of the date, locality, collector’s initials, and appearance of 
the specimen there is little doubt that this is the very specimen that 
Billings originally described (1865, 426). Sections of this material are 
identical with those of the American forms already shown from external 


^ Sometimes spelt “Pauquette's Rapids” in early papers. 
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appearance to be identical with C. canadensis; and thus, despite the differ- 
ence in size of coralla and corallites and in “ aspect ” (some material from 
the Richmond of America presents the same appearance as the alleged 
Black River C. canadensis), it must be concluded that C. huronensis and 
C. canadensis are identical. This was the opinion of Whiteaves also (1897, 

158). Lambe (1899, 43) was “convinced that C. canadensis and C. 

huronensis cannot be retained as distinct species.” Foerste (1916, 295, 
and 1924), as noted on a previous page, revived the question of the dis- 
tinctness of these two species, but his suggested method for distinguishing 
them breaks down on a survey of many specimens showing different 
preservation. 

This identity established, the trivial name canadensis must prevail, 
since it is the first species described in Billings’ paper. C. huronensis, 
therefore, is a synonym of C. canadensis and is obsolete. 

With regard to Columnopora cribrijorrnis Nicholson 1874, which has 
already been shown to be congeneric with Calapoecia, there is no doubt 
at all from examination of thin sections of many specimens (8ee above) 
that it is conspecific with C. canadensis; a conclusion that Nicholson (1889, 
317-8) himself eventually reached. Whiteaves (1897', 158) was convinced 
that Columnopora cribrijorrnis Nicholson was identical with Calapoecia 
huronensis and quoted a letter from Nicholson, who had examined speci- 
mens. “ My Columnopora cribrijorrnis is identical, both generic ally and 
specifically, with Calapoecia huronensis, Billings .... It is quite probable 
that Calapoecia canadensis Billings is also the same as C. huronensis, but, 
the specimens being silicified in the former, I am not sure of this.” Thus 
C. cribrijorrnis should have passed out of literature in 1897. 

It seems to have been tacitly assumed that Houghtonia huronica 
Rominger (1876) was conspecific with C. canadensis. It has been shown 
above that it is congeneric. Whiteaves (1897) and Lambe (1899) both 
include it in their synonymy of this species. But from the appearance 
of the surface in Rominger’s figure 4, Plate III, where in parts definite 
“ costse ” can be seen, whereas elsewhere the corallites are polygonal and in 
contact, it appears to combine equally the characters of C. canadensis 
and C. canadensis var. anticostiensis, presently to be described, and, there- 
fore, falls into the transition variety ungava (auct.). The species Columno- 
pora rayi Davis (1887) will be examined under the head of “ Spurious and 
Doubtful Species,” but although the species is not valid, it is suggested 
there that all the figured specimens except perhaps figure 1, Plate 5, might 
be referred to the present species. It is also suggested under the same 
heading that some of Whitfield’s (1900) Calapoecia borealis specimens 
might be referred to C. canadensis. 

Twenhofel’s (1928) C. anticostiensis Billings is included in parte 
because it is apparent from his description (129-130) that the species is 
present on Anticosti island, and the writer has examined a specimen from 
that locality which certainly is referable to C. canadensis. 
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Calapoecia canadensis var. ungava nov. var. 

(Plate III, figure 2) 

Houghtonia huronica Rominger 1876 in parte (Plate III, figure 4) ; 
C. canadensis Lambe 1899 (ex Billings) in parte; transitional specimens 
from East Selkirk, Manitoba; probably C. bm'ealis Troedsson 1928 {in 
parte i.e. Plate 34, figure 1 ; Plate 35) (page 45) ; Calapoecia resembling 
huronensis and anticostiensis Darton 1906, 550. 

Diagnosis. Calapoecias intermediate in structure between the typical 
C. canadensis Bill, and C. canadensis var. anticostiensis Bill. 

It has been found, through the study of many thin sections, that, 
although in the majority of cases C. canadensis Bill, and the form imme- 
diately to be described as C, canadensis var. anticostiensis Bill, are dis- 
tinct, there are coralla that show in different parts the structure of both 
of these. This proves that C. canadensis var. anticostiensis is a variety 
of C. canadensis and not a distinct species (that the reverse is not true, 
S>ee section on Variations in Calapoecia). It is proposed that the inter- 
mediate specimens, which could be identified equally well with both the 
above forms, should be placed in a new variety. 

The obvious varietal name is intermedia. But this is preoccupied 
as the trivial name to a Columnaria (Sherborn 1927) and it is desirable, 
therefore, that it should not be employed here. Since the other trivial 
and varietal names in this genus are geographical, the precedent has been 
followed here. Akpatok island, the loeality from which intermediate 
forms have been collected, is in Ungava bay, and the varietal name ungava 
is proposed. 

No description of the variety is necessary. Specimens of it have been 
examined from Akpatok island (S.M. A6697, A6698, A6695, A6696) and 
Credit river, west of Toronto, Canada (B.M. R21448, R21449). Probably 
the specimen figured by Rominger (1876, Plate III, figure 4) should be 
referred to this variety, and certainly those specimens from East Selkirk, 
Manitoba, mentioned by Lambe (1899, 45), and the specimen found by 
Ulrich in the top of the Bighorn limestone, near the head of Lee creek, 14 
miles northeast of Tensleep, Wyoming (Darton 1906, 550). 

Calapoecia canadensis var. anticostiensis Billings 

(Plate I, figure 6; Plate III, figures la-c, 3d, 5a-c, 6, 7) 

Calapoecia anticostiensis Billings 1865, 1866; C. ampkigenia Lind- 
strom 1880; Houghtonia cf. huronica Rominger, Sardeson 1896; C. cf. 
anticostiensis Kiaer 1897; C. canadensis Lambe 1899 (ex Billings; in 
parte)] C. canadensis Kindle 1911; C. canadensis Holtedahl 1913, 1917; 
C. anticostiensis Bassler 1915 (ex Billings; in parte); C. anticostiensis 
Foerste 1924; C. anticostiensis Twenhofel 1928 {in parte); and probably 
C. borealis Troedsson 1928 {in parte; i.e. Plate 38, figs. Ic, Id). 

Diagnosis. Calapoecias with circular corallites, more or less distant. 
“ Cost® ” and coenenchyme are present. 

Horizon. C. canadensis var. anticostiensis is characteristic of post- 
Trenton and Richmond strata. 


13 


DI3SCBIPTI0N OF BILLINGS' HOLOTYPE OF “ C. ANTICOSTIENSIS ’’ 

(G.S.C. 2267) Plate I, figure 6; Plate III, figures la-c 

Major portion of a large mass, sliced transversely and polished. The 
surface shows radiating, circular corallites typically distant, a few in 
contact, with maximum diameter of 2*5 mm. The wall of each corallite 
is raised in a narrow rim from w'hich twenty costse are distinctly seen to 
radiate, at a lower level, into the inter-corallite area. This area is 
depressed, but in some places rises to a subdued straight ridge between 
juxtaposed corallites; consequently the surface appears to be made up 
of polygonal units which contain a single corallite and its “ costse.” It 
must be said at once, however, that no trace of this ridge is to be observed 
in the internal structure. 

In thin sections each corallite is seen to be bounded by an open mesh- 
work made up of septal ridges, which are produced into short, wedge-like 
spines at regular intervals (about 8 spines in 5 mm.) and fused to their 
neighbours at these levels. A section taken at such an horizon of fusion 
will show a circular corallite with a continuous wall made up of septa, 
which are in contact for about two-thirds of their length and then taper 
fairly abruptly inward to an obtuse point. But each septal spine is con- 
tinued outward and slightly downward beyond the corallite boundary into 
the coenenchyme as a “ costa.” When their bases are not seen in the section 
(it will be remembered that they incline slightly downward) these “ costae ” 
will appear as rods or spindles of about 0* 75 mm. in length lying on a circle 
of greater diameter than that of the corallite and separated from their 
neighbours by more or less wide pores. But sections at a level slightly 
higher than this will show septa passing continuously out into “ costae.” 
This is most commonly seen within the zone of septal fusion so that the 
corallite showing this feature probably will have a solid “ wall.” But 
some pores may be cut at such a level. This variation in the appear- 
ance of thin sections is tersely shown in Lambe’s diagrammatic figure, 
Plate I, figure 6a (1899), which, however, is not elucidated in his text. 
But his reference of this figure to his figure 6, which is too generalized, 
is misleading. 

The mural pores, which lie on vertical and horizontal rows, are circular 
and probably have a diameter of no less than 0*25 mm. But the dilation 
of the septal spines and, to a less extent of costse,” toward their bases, 
where they are fused to their neighbours, gives a funnel-like entrance to 
these pores. On account of the septal spines being arranged on horizontal 
and vertical rows, these “ funnels ” have a rounded-quadrangular section 
at their widest part, but assume an oval, then circular, section as they 
lead into a pore. This, of course, happens within a very short distance, 
but it is important because certain authors have attached considerable 
weight to the shape of the pores in Calapoecia. This they have studied 
from the weathered interiors of corallites. It can be seen from the above 
description that the apparent shape of the pore in these cases will depend 
on the depth of weathering, and although a pore may appear to be quad- 
rangular at first sight, it becomes clear when the matrix is carefully 
removed with a needle, that this is the shape of the funnel-like entrance 
and not of the pore itself, which is circular. The term “ funnel ” has been 
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used merely to facilitate the making of this rather important point; of 
course it is not a structure, but only the result of the distribution and 
habit of the septal elements. These remarks are also applicable to longi- 
tudinal sections, where the pores will show a shape depending entirely 
on wnere the cut is made. 

The tabulae are both complete and incomplete. A central count gives 
ten to twelve in 5 mm. They may pass through pores into the coenenchyme, 
but are typically bent upward at the periphery of the corallite, crossing 
the face of a pore and joining one septal spine to that above it. These 
upturned tabulae may give the false appearance of a wall in a transverse 
section cut through a region of pores. 

The coenenchyme is well developed and consists primarily of hori- 
zontal elements which correspond fairly well with the number of tabulae 
in adjoining corallites and may commonly be continuous with these. Here 
and there curved plates run from one horizontal diaphragm to the next 
in a way exactly like the upturning of the tabulae at the periphery of the 
corallites. The “ costae ” run into the coenenchyme and subdivide it verti- 
cally. The coenenchyme varies from regular and simple to a rather untidy 
arrangement within the single corallum. 

The significance of this structure and its relation to that of C. 
canadensis is discussed on later pages {Variations in Calapoecia) , 

This specimen is labelled “ West side of Gamache bay, Anticosti 
island; Division 1, Anticosti group; collected by T. C. Weston.” Its 
horizon, then, following Schuchert and Twenhofel (1910) would be Ellis 
Bay (Gamachian) of the Cincinnatic. Twenhofel (1928, 130) compared 
specimens collected from Anticosti island with the type of C. anticostiemis 
Bill, and found them identical. But it has been suggested above that some 
of these are probably C. canadensis; Twenhofel evidently considered both 
species the same. Twenhofel describes longitudinal keels both on the 
inside and outside of the walls. . . . The number varies from 18 to 25 and 
in nearly, if not all, cases, they extend about 0-5 mm. beyond the corallite 
walls.” These keels evidently are a conception that includes all the septal 
elements, ridges, spines, and “ costae.” These have already been considered 
in detail from thin sections and hence an analysis of Twenhofel’s concep- 
tion is unnecessary. But the writer must repeat that never has he seen 
more than twenty septa, although he has been careful to check this as 
often as possible in sections. The several descriptions of the septal parts 
of Calapoecia have led to confusion in the past. For instance Etheridge 
(1903, 18-19) was puzzled by the apparently conflicting accounts of Lambe 
(1899) and Nicholson. The former writes of ‘Spiniform septal ridges' 
and figures a section (Plate I, figure 6) where the septa appeared as spines 
projecting from a definite wall; Nicholson refers to “longitudinal ” ridges. 
This apparent contradiction was due to Lambe, who did not make it clear 
that the “ wall ” was made up of septal ridges from which spines projected. 

In addition to the type, the writer has sectioned and examined speci- 
mens from the G. J. Hinde collection (B.M. R21535, R21534, R21514, 
R21513) (Plate III, figure 6) . These were collected from “ Near West 
End (i.e. West cape), Anticosti, Canada. Anticosti group, Division B, Cin- 
cinnati formation,” which is the horizon of the Vaureal (Twenhofel 1928). 
They are identical with the type, but the orderly arrangement of the coenen- 
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chyme is seen to vary and the tabulae may be more numerous (up to thirty- 
five in 10 mm.) and more regular than in Billings’ specimen. On Akpatok 
island the variety is represented by four specimens (S.M. A6693, A6694, 
A6691, A6692) which on the whole have corallites rather less distinct 
than in the type and tabulae a little less numerous, Plate III, figure 7. 
A specimen in the G. J. Hinde collection (B.M. R21761) collected from 
Credit river, west of Toronto, and labelled “ Columnopora cribriformis 
Nicholson,” must be regarded as belonging to this variety. Much of the 
inter-corallite structure is removed and its place taken by dolomite; its 
corallites are less distant than in the type and the tabulae are more remote 
(seventeen in 10 mm.). The C. canadensis collected by Kindle (1911, 344-6) 
from Don river, Seward peninsula, Alaska (U.S.N.M. 235) has a wide 
stereozone and is a typical C. canadensis var. anticostiensis. I have also 
examined a specimen from the Silurian (AVhitehead) from near Perce, 
Quebec (U.S.N.M. 90989) and this is identical with Billings type of C. 
anticostiensis. 

The writer has also examined a specimen collected by Per Schei in 
1899 from Norman Lockyer island, Ellesmere island (P.M.O. A8616) 
Plate III, figures 5a-c. There are two specimens, of which this is one 
bearing the same label, in the Schei collection and these were referred by 
Holtedahl (1913, 9, and 1917) to C. canadensis. Holtedahl mentions (1913) 
“ one colony ” only, but Dr. Strand informs me that there is another besides 
the one I have sectioned. This specimen is excellently preserved in nearly 
pure limestone and shows the characters of the variety anticostiensis very 
clearly. It is part of a radiating mass. At the surface the calices have a 
diameter of 2-5 mm. or less; the “ costae” show very distinctly, especially 
in a weathered longitudinal face where they are seen cutting the diaphragms 
of the coenenchyme to give a very characteristic rectangular lattice pattern. 
The corallites are fairly closely approximated, being separated by a dis- 
tance of about half their diameter. In longitudinal section the costae are 
seen to lie horizontally and may in some cases meet those from another 
corallite. The tabulae are nearly all complete and fairly regularly trans- 
verse; there are about twenty in 10 mm. The horizon of this specimen is 
considered in the stratigraphical part of this paper. 

In the material collected by Kiaer from Horizon 5b at Ostre 
Svarto, Ringerike, Norway, there are three specimens which he listed 
(1897) as Calapoecia cf. anticostiensis Billings. These can be satisfactorily 
identified with var. anticostiensis (P.M.O. 14959, 14960, 14965). They are 
not very well preserved and have a peculiar outward appearance. None of 
the original surfaces of coralla remain. All are portions of large radiating 
coralla. In thin sections they closely resemble the Norman Lockyer 
Island example. The corallites are smaller, however, with a diameter usually 
less than 2 mm.: they may be distant or fairly closely placed. 

In an endeavour to investigate Lindstrom’s species C. amphigenia, 
the writer was lent three specimens and one slice from the collection of the 
Naturhistoriska Riksmuseets, Stockholm. One of them (N.R.S. Ca. 602) 
is labelled Calapoecia amphigenia and came from Osmundsberget, Dalarne 
(the type locality), the others are Calapoecia sp.” Beyond this the 
writer is unable to get further information with regard to Lindstrom’s type. 
The type locality of C. amphigenia is Leptaena limestone of Osmundsberget, 
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Dalarne, Sweden. There were no figures of this species. The original 
description (Lindstrdm, 1880, 36) is insufficient to distinguish a form from 
C. canadensis var. anticostiensis. From the remarks made above it wdll be 
remembered that the remoteness of corallites is a variable feature as is their 
size. “ Coenenchyma vesiculosum ” is sufficient to invalidate the compari- 
son with Lyopora favosa Nich. and Eth. as it is understood at present. 

Since C. aniphigenia Lindstrom cannot be distinguished in its original 
description from C. canadensis var. anticostiensis, and because examples 
from the type locality referred to this species prove to be referable to the 
same variety, it is proposed to include C. arnphigenia Lindstrom in C. 
canademis var. anticostiensis. Troedsson (1928, 127) is of the opinion that 
C. arnphigenia should be included in C. borealis Whitfield. It will be shown 
below that the species C. borealis Whitfield is not recognizable and also 
that Troedsson's conception of that species is based on an arbitrary selec- 
tion of characters, all of which are found in the rather variable var, anti- 
costiensis. Lindstrom’s measurement of corallite diameter w’as probably 
external, not internal, as given in this paper. 

The specimen (R.M.S. Ca. 602) is a small colony with a few' calices 
appearing at the surface. These are obscurely seen but appear to be more 
remote, for the most part, than is the case in the type of var. anticostiensis. 
Sections contradict this appearance, however, for in them the corallites are 
in fairly close proximity. Unfortunately no longitudinal section can be 
obtained from this specimen. A section (N.R.S. Ca. 604) of a specimen 
from Boda, Dalarne, shows the same pink preservation as Ca. 602; it has 
corallites in close proximity. The section, which is transverse, does not 
cut any pores, hence the inner end of the costae is obscured. 

Two specimens (Ca. 569, 570) from Losa Sternar, Visby, Gotland, can 
readily be identified with var. anticostiensis. In sections both these speci- 
mens are identical with the Dalarne material, and hence are supposedly 
C. arnphigenia Lindstrom.” As in the latter case, the remoteness of cor- 
allites as seen at the surface is belied by the sections, where in many cases 
they appear in close proximity, some even in contact. The coenenchyme 
is comparable with the less regular of the Anticosti specimens and shows 
a good development of the curved elements between the horizontal dia- 
phragms. The “ costse ” are, perhaps, shorter than in the Anticosti speci- 
mens. 

The reasons for assigning Houghtonia cf. huronica of Sardeson 1876 
to this species are given in the discussion of Relationships of Calapoecia on 
a later page. 

Calapoecia canadensis var. anticostiensis forma arctica Troedsson 

(Plate IV, figures la, b, 2a, b, 3) 

Sarcinula organum Lam. Etheridge, 1878, 586-7. 

Calapoecia arctica Troedsson 1928, 127-9; PI, 39, PI. 40, figs, la, b. 

Diagnosis. Calapoecia canadensis var. anticostiensis with large coral- 
lites and peripheral incomplete tabulse slightly more numerous than is 
typical in that variety. 

The present writer has cut and examined a piece of the holotype of 
C. arctica Troedsson (M.M.K. 3027), Plate IV, figure 2, and another speci- 
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men, a metatype (M.M.K. 436), Plate IV, figure 3. He has also examined 
the specimen and thin sections of “ Sarcinula organum Lamarck ” identi- 
fied by Etheridge (B.M. R4920), Plate IV, figures la, b. These three 
are identical. But they show exactly the same structure as C. canadensis 
var. anticostiensis and differ only in that they are giant forms. Troedsson 
(1928, 127) gives the diameter of corallites as 4 to 6 mm., but some are 
l^s than that; in R4920 they vary from 3-0 to 4-0 mm. Although their 
tabulae are less regular than in the type of C. anticostiensis they are no less 
so than in some of the Anticosti specimens. There are ten of these tabulae 
in twice the diameter of the corallite — the same number as in a few of the 
Anticosti examples. As in var. anticostiensis, the coenenchyme varies 
within one corallum from a fairly simple arrangement to a less regular one 
where the upturned ends between diaphragms assume more importance. In 
forma arctica this is especially the case in areas between the costae, wdiere 
they appear on a longitudinal section as more or less regular circles. This is 
seen to a less extent in some of the Akpatok examples of var. anticostiensis; 
and it is not altogether absent in the type itself. 

In the specimens here called forma arctica, the short, incomplete tabulae 
upturned at the periphery of the corallites are more numerous and regularly 
developed than is the case in var. anticostiensis; but this variation is prob- 
ably a direct result of an increase in size. 

The type nf C. arctica came from the Cape Calhoun beds of north- 
west Greenland. There it is apparently common (Troedsson 1928, 129). 
Etheridge’s specimen was collected from cape Hilgard, Ellesmere island. 
Their horizon is discussed on a later page, where it is suggested that the 
Cape Hilgard locality is probably of Richmond age as well as the Cape 
Calhoun beds. 

These specimens can be regarded as no more than a form of var. 
anticostiensis from which they differ only in size. It is convenient rather 
than essential that they should have a name, because their form seems 
to be restricted to the north Arctic region and is easily recognized externally. 
Following the conventions their relation to the other forms of Calapoecia 
can only be expressed as C. canadensis var. anticostiensis forma arctica. 
This may be cumbersome, but, as shown above, they are only a local race 
of the variety anticostiensis ; a shorter name would suggest that the form 
had a more complete individuality than is the case. 

With regard to their distribution: cape Calhoun is about 85 miles 
northeast of cape Hilgard (79® 4T north), which is west of cape Louis 
Napoleon, Ellesmere island. C. arctica is found at both of these localities. 
But only 35 miles southwest of cape Hilgard, on Norman Lockyer island, 
typical var. anticostiensis occurs. Thus, within a very small area a 
race of large-sized forms seems to have been developed from var. anti- 
costiensis. Further collection may show, however, that it was not even a 
race, but merely that some individuals of var. anticostiensis were favoured 
with large size. It is possible that some of Whitfield’s (19(X)) C. borealis 
may be of this form. They were collected from cape Harrison, Princess 
Marie bay, Ellesmere island, not far from cape Hilgard. Unfortunately 
Whitfield gives no scale for his figures. His species will be more fully 
considered presently. 
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DOUBTFUL AND SPURIOUS SPECIES 
“ Columnopora rayi” Davis 1887 

Davis' Kentucky Fossil Corals, part 2, comprising plates and their 
descriptions, was copyrighted in 1887 (the title page is dated 1885) ; but 
no text was ever published. There Davis describes figures 1 and 3 of 
Plate 5 and figure 1 of Plate 6 as “ Columnopora rayi nov. sp. Hudson 
River Group.” These specimens came from Nelson county and were in 
that author’s collection. A species is valid, even if it is described only 
by a figure or plate, provided that it can be seen there to differ from 
previously described species. In Davis’ figures there is no feature that 
distinguishes Col. rayi from Calapoecia already in literature. All except 
figure 1 of Plate 5 cannot be soen to differ from C. canadensis Billings, 
and the single figure is probably an example of C. canadensis var. anti- 
costiensis, or, which is less likely, C. canadensis var. ungava auct. Davis’ 
Columnopora rayi, therefore, is a nomen nudum, in spite of the fact that 
he figures on the same page specimens of Columnopora cribrijormis 
Nicholson” (shown above to be C. canadensis Bill.), having the same 
locality and horizon and from which, no doubt, he intended to distinguish it. 

Calapoecia borealis Whitfield 1900, 20; Plate II, figures 3-7 

The writer has been unable to obtain types of this species. Certain 
authors have referred specimens to it, but none of them appears to have 
seen the types. The only description of the species since that of Whitfield 
is by Troedsson (1928), who refers to Whitfield’s figures and description 
but not to the original specimens. The present writer is unable to accept 
Troedsson’s interpretation of C. boi'ealis Whitfield. 

The identification of this species, suggested by Whitfield, with the 
Clisiophyllum sp. of Salter is impossible. The writer has examined and 
cut sections of this specimen (B.M. 90099) which is figured and described 
by Salter. It is ceriod and non-carinate and is best compared with 
“ ? Xylodes sp.” figured by Smith and Tremberth 1929, Plate VIII, figure 
1. It fulfils the diagnosis of Xylodes Lang and Smith 1927 (461-2). The 
most cursory glance at Whitfield’s figures shows that C. borealis has noth- 
ing in common with this specimen. Nor does his identification of this 
species with Heliolites macrostylus Hall (1852, 135) seem more probable. 
Hall’s figures (Plate 36A, figures 2a-2c-l-), although somewhat idealized, 
show twelve septa in all corallites and in one or two (figure 2a) the septa 
nearly reach the centre of the corallite. 

With regard to the mural pores, which according to Whitfield are 
“ more nearly quadrangular than round,” it has already been explained 
how their shape may vary according to the state of preservation. Whit- 
field’s remark that they “ present much the appearance of an open textile 
substance ” makes one wonder whether he is not describing a weathered 
surface where “ costae ” are crossing the diaphragms of the coenenchyme. 
This suggestion is supported by his figure 4, Plate II. The specimen of 
C. canadensis var. anticostiensis from Norman Lockyer island, a very 
short distance away from cape Harrison (the type locality of ‘‘ C. 
borealis”), described above, shows extremely clearly this appearance on 
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a weathered, longitudinal surface, which certainly is due to the cause sug- 
gested for C. borealis (Cf. Plate III, figure 5a). It is not clear from the 
description whether corallites both distant and in contact occur in the 
same corallum, but certainly both conditions are considered typical of 
the species. From the figures it seems that Whitfield has two varieties. 
Figures 3, 5, and 6 are indistinguishable either by description or appearance 
from C. canadensis. There seems to be a well-developed inter-corallite 
“ wall ” in figure 3 and this recalls clearly one of Reusch's specimens from 
0vre Vikenes (P.M.O. 3), sections of which I have seen and which are 
figured by Kiaer (1929, Plate II, figure 5). Figures 7 and 4 cannot be 
distinguished from C. canadensis var. anticostiensis ; figure 7 might possibly 
be the forma arctica, but this depends on where Whitfield measured his 
corallite diameters. His maximum figure of 4 mm. makes it seem likely 
that forma arctica was represented in the collection. 

The only way in which specimens of C. borealis Whitfield without 
coenenchyme can be distinguished from C. canadensis Bill, from the 
description is in the diameter of the corallites. It has been pointed out 
several times in this paper that in the material studied no change in 
structure accompanies a variation in corallite diameter and that this 
variation is regarded as individual. The writer is unable, therefore, to 
accept Whitfield’s species as distinct from C. canadensis until it is shown 
from the original specimens that a peculiar internal structure is present. 
The coralla with small corallites have a coenenchyme, according to Whit- 
field, and these, again, have not been distinguished from the previously 
described C, anticostiensis, or C. canadensis var. anticostiensis, as under- 
stood here. 

Troedsson (1928, 124) followed Whitfield’s identification on corallite 
diameter. 

“ The collection from cape Calhoun [he writes! contains more than a dozen speci- 
mens. These are easily divided into three groups on account of the general appearance, 
which varies with the size of the corallites. Therefore, I have referred the group to 
as many species. This classification is also supported by the microscopic structure. 
In each group, however, the distance between the corallites differs strongly, and this 
is also the case with other features. The first species consi.sts of small corallites, 
diameter T5 to 2*5 millimetres, and has certainly to be identified with the North 
American Richmond form Calapoecia huronensis. The second, with the corallites hav- 
ing a diameter of 3 or 4 millimetres, is Calapoecia borealis Whitfield; and the third, 
with very large corallites, their diameter usually being 5 or 6 millimetres, rarely 4, 
is a new one, Calapoecia arctica n. sp.” 

It is with great diffidence that the writer ventures to disagree with 
Troedsson’s conclusions, which, in his opinion, were based on an insuffici- 
ency of material. The present study has shown how variable the genus 
Calapoecia can be, and that, although specimens in many cases seem very 
distinct when considered individually, they lose this individuality when 
viewed in a series of many examples. In the light of these results the 
writer cannot accept Troedsson’s statement that his classification is sup- 
ported by microscopic structure.” None of his excellent plates shows a 
single instance of internal structure that may be taken as implying^ a 
specific difference between his groups. Each thin section figured by him 
can be related directly to the scheme proposed above. Troedsson (123) 
apparently examined no types. In two specimens of “ C. borealis Whit- 
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field ” Troedsson mentions (126) that there are more than twenty septa, 
which he says are slightly developed and mainly indicated by “ costae.” 
In two of the specimens similarly identified by Troedsson, examined by 
the writer, there are no more than twenty and the same number is supplied 
by a count in the only figure of Troedsson’s (figure 2a, Plate 37) in which 
it is possible to see all of them. 

The examples of C. borealis Whitfield Troedsson that the wTiter has 
sectioned and studied are 433 and 431 (M.M.K.). The latter is a portion 
of a radiating corallum. The internal diameter of corallites at the surface 
is 2*5 mm. (Compare with Troedsson ’s 3 to 4 mm. It is impossible to 
take a diameter in any other way.) In section this specimen presents a 
very singular appearance, w^hich is not mentioned by Troedsson (Plate 
II, figures la, b). It is of C. canadensis type, but the corallites are separ- 
ated by a very considerable thickness of loose tissue, some as much as the 
diameter of a corallite. The elements of this tissue have the appearance 
of the longitudinal septal ridges of C. canadensis, but they are disposed as 
columns not at the periphery of the corallite but in the “ wall,” which 
they form together. In section they are rather circular and small, or 
large and irregularly angular; usually they lie slightly distant from each 
other, but they may be in loose contact. This structure recalls more than 
anything else the appearance of certain of Lindstrom’s illustrations of 
bacular coenenchyme (Lindstrom 1899, Plate XII, figures 6 and 7) ; but 
the analogy cannot be pursued far since the elements in this case are dis- 
tinctly separate and not fused up as in Lindstrom’s examples. This 
structure can be regarded as a very great development of a tendency seen 
in some other examples of C. canadensis, that of complicating the corallite 
boundary by irregular growth of longitudinal supports probably akin to 
the septal ridges. If this conception is true, no new structure is developed, 
there is merely multiplication of existing structures. 

Since this is the only example of this structure that has come to the 
notice of the writer, it is perhaps safest to regard the specimen, for the 
present at any rate, as an individually developed C. canadensis, with which 
it agrees in all other respects. It will be noticed that the effect on the 
corallum is the same as in the case of the variation to var. anticostiensis, 
namely, a separation of calices. It is not without interest that such a 
form comes from the same locality and horizon as the forma arctica, 
another form that shows peculiar development. 

The other example of C. borealis Whitfield Troedsson (M.M.K. 433, 
prep. 101) is a smaller fragment in which the external and internal appear- 
ance is well seen. It does not differ at all from typical C. canadensis, nor 
are the intercorallite “ walls ” particularly thickened. 

For the various reasons given above the following interpretation is 
suggested for Troedsson’s figures; this might, of course, have to be modified 
on the inspection of the specimens themselves: Plate 33, figures 2a, b, C. 
canadensis; Plate 34, figure 1, probably var. ungava, figures 2 and 3 prob- 
ably C. canadensis; Plate 35, probably var. ungava; Plate 36, probably 
C. canadensis, the specimen is reminiscent of certain Akpatok Island 
examples; Plate 37, a large var. anticostiensis approaching forma arctica; 
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figure Id shows the coenenchyme with “costse” cut across; Plate 38, figures 
Ic, Id, probably var, anticostiensis ; Plate 39, figures la-b, and Plate 40, 
figures la-b, forma arctica, 

“ Calapoecia Javositoidea ” Savage 1913, 64-5, Plate 3, figures 1-3 

Savage’s figures and descriptions of this species immediately suggest 
a Favosites, not a Calapoecia. The variable number of septa (tw^elve to 
twenty-four), their spiniform appearance, and the presence of a true wall 
all remove this species from the genus under consideration. It has been 
pointed out how the pores in Calapoecia arise in virtue of the septal ele- 
ments fusing at periodic levels; thus they are bound to lie on vertical and 
horizontal rows. Savage’s figure 2, Plate 3, could not be, therefore, the 
longitudinal section of a Calapoecia. 

A specimen sent to the writer as a topotype of this species by the 
United States National Museum proves to be a Paleofavosites, most prob- 
ably P. asper (d’Orb.) (Twenhofel 1914, 24, and 1928, 126; and Smith 1930, 
318). This came from the Edgewood limestone (Noix oolite), Upper 
Medinan 3 miles west of Louisiana, Mo., and is now in the Sedgwdck 
Museum collection (A6409). Since the pores of this specimen are placed 
principally in the angles of the corallites, it is difficult to reconcile it with 
Savage’s figure 2, which is a longitudinal section apparently showing the 
face of a wall replete with pores. I wrote to Dr. Bassler on finding this 
and he was good enough to reply as follows (Dec. 8, 1934) ; 

" I feel very certain that the specimen sent to you was correctly identified, in 
fact, that it was a topotype, and I agree with your identification of it. I am quite 
sure that Savage’s interpretation is incorrect, namely, that his figure 2 of Plate 3, 
instead of representing pores between corallites as in Calapoecm, really are nothing 
but the spines as seen cut in this section. His figure 3 shows that there is no room 
between the corallites for such pores and that a thin section through the fiat side of 
the wall of the corallite would appear just as shown in figure 2.”i 

Calapoecia javositoidea Savage must, then, be excluded from the genus 
Calapoecia. 

CONSIDERATION OF VARIATIONS IN CALAPOECIA 

The simplest form of Calapoecia, C. canadensis, is characterized by 
having corallites bounded by septal elements alone. These fuse periodi- 
cally to give a continuous “ wall ” and consequently the corallite boundary 
must be considered as a cribriform stereozone equivalent to the pseudotheca 
of Ogilvie 1896, 248, and Heide; this distinguishes it from the true wall of 
such tabulate corals as Favosites. No epitheca is present and the stereo- 
zones of juxtaposed corallites are contiguous, growing practically as one 
meshwork, with septal ridges growing back tn back. 

The variation from this condition to give var. anticostiensis is here re- 
garded as a parting of the stereozones of neighbouring corallites. The inter- 
stereozonal spaces are filled by a lengthening of the septa the greater length 
of which, the “ costse,” lies outside the stereozone. There is no doubt at all 
that the “ costse ” are continuous with the septa. This can be seen in 

later communication (February, 1935) tells me that Dr. Savage agrees with this 
interpretation. 
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longitudiTial and transverse sections; the radiating arrangement of con- 
stituent fibres in the septa is seen in mirror image in the “ costae.”^ 

A consideration of the soft-parts that laid down the skeleton elements 
of Calapoecia is bound to be speculative, but it has interest for the zoologist. 

If the ends of the “ costae ” of a single corallite in transverse section are 
joined by an imaginary line, a polygonal shape is traced. The polygonal 
outlines thus formed about neighbouring corallites are in contact. Conse- 
quently, since the “ costae ” are presumably secreted by the same polyp 
that was responsible for septa with which they are continuous, the material 
deposited in the “ costal ” zone (that is, outside the stereozone) is not the 
true “ Common substance ” usually known as coenenchyme.- It is, rather, 
a structure laid down by the extra-stereozonal portion of the base of the 
polyp, which would be in continuity with that part of the base lying within 
the calyx. At a given moment these two zones of the base of the soft 
part would lie on the same horizontal level, passing through the notches 
between septa and “ costae,” but, when these notches w'ere closed by further 
secretion to give pores, the rim of the stereozone would mark the division 
between the outer and inner portions of the secreting polypal base. This 
w'ould account for tabulae sometimes passing straight through a pore. The 
laying down of incomplete tabulae over the mouth of a pore, inside the 
stereozone, and between “ costae ” outside it, is presumably evidence of the 
normal withdrawal of the base of the polyp to a higher level. It also proves, 
incidentally, that there was no communication between corallite and 
coenenchyme after the pore had been closed by secretion at the top. 

This attribution of the structures laid down in the “ costal ” zone to the 
peripheral portion of the polyp’s base is further borne out by the extreme 
similarity between the tabular elements of this zone and those of the 
corallite itself. The fact that no junction is seen between the “ coenen- 
chyme ” tabul® of one polyp and those of its neighbour is probably an ex- 
pression of the same state of close association between polyps that must be 
deduced from the study of C. canadensis. Here, more frequently than in 
var. anticostiensis, tabulse are seen to pass through a pore straight from one 
corallite to the next. In C. canadensis the pores are not closed by incom- 
plete tabulse; nevertheless, the possibility of communication between the 
soft parts of corallite and corallite through the completed pores is ruled out 
here, as in var. anticostiensis, by the formation of solid tabulse above these 
pores. 

In the descriptions this extra-corallite material is called coenenchyme, 
because its origin is surmised from deduction, and its appearance and situ- 
ation compare v/ith the general acceptance of this term in palseontology. 

^ Miss D. Hill, whose work reviewing the terminology of Eugose Corals will shortly 
be going to press, has examined the previous usages of the term ‘costa’ and finds them 
to be so diverse as to make it advisable that the word should no longer be used. She has 
suggested no alternative, and as it is not within the scope of the present work to do so, 
1 propose to use the term here on the understanding that no more is read into it than 
the description implies. 

2 Hickson (1924, 28) has written of “the oommoTi saiibstance which supports” the 
calices in Lophohelia polifera (Recent), which he calls “coenosteum”. ‘^fany 'WTiters on 
corals use the term ‘ coenenchyme.’ This is etymologically and historically inaccurate. 
The word coenenchyme was introduced by Milne-Edwards and Haime for the fleshy 
substance between the polyps in Alcyonaria”. This exemplifies the difficulty, often occur- 
ring. of equating the zoological and palaeontological points of view in a study of corals. 
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All that is intended here is to point out how it differs from the coenenchyme 
of such forms as Plasmoporella (Kiaer 1899, 34-36, Taf. V, 9 and 11, and 
1929, Plate V, figures 6, 7), Propora, and Heliolites. In the latter case, of 
course, the situation is widely different because of the presence of siphono- 
pores. In the former two the secreting base outside the corallites has lost 
its primitive polypal character and functions as a common layer, secreting 
a vesicular and true coenenchyme (Plate III, figures 4a-b), 

The effect of this variation in Calapoecia is a separation of those parts 
of the corallites contained within the stereozone. When it is compared with 
the astraeoid trend (Lang 1923, 123) it becomes apparent at once that the 
two are analagous and certainly not homologous. As seen in the Rugosa 
(Ogilvie 1896, Smith 1916, 281-3) the astraeoid trend effects the isolation 
of the tabularia of corallites by the. formation of a common substance 
between them. But this common substance is produced from the dissepi- 
ment zones of neighbouring corallites. Now in Calapoecia there is no zone 
of dissepiments. In reconstructing the method by which the coenenchyme 
is produced it is essential to think of the corallites in the typical C. 
canadensis state as growing apart one from another to give the interspaces 
that are occupied by the structures laid down by the extra-stereozonal 
portion of the corallites. Until such interspaces are produced there will, of 
course, be no room for the development of “ cost® ” and the tabula-like 
plates of the coenenchyme. In the performance of the astraeoid trend the 
inter-tabularia zones are, so to speak, ready-made, in that the dissepimental 
tissue already exists in the corallites; but in Calapoecia the coenenchyme 
cannot be developed until room is made for it by the divergence of the 
corallites. Thus the stereozone in the typical C. canadensis and that of 
var. anticostiensis remain with roughly the same diameter; whereas in the 
Rugosa, before the astraeiod trend can be effected, the zone of dissepiments 
must have originally encroached upon the tabularium, thus reducing the 
diameter of that area which we may compare with that within the stereo- 
zone in Calapoecia. 

RELATIONSHIPS OF CALAPOECIA 

The conclusion of the variation already studied in Calapoecia can, 
perhaps, be traced out in specimens regarded as Sarcinula organum (Linn.). 

The writer is indebted to Dr. Stanley Smith for making clear the 
synonymy of this form. With no wish to anticipate their publication, 
he proposes briefly to indicate the conclusions reached by Drs. Lang and 
Smith on this point. Sarcinula perforata Lamarck and Madrepora organum 
Linnaeus (1758) are the genosyntypes of Lamarck’s genus Sarcinula (1816, 
222). The name was irrevocably attached to Madrepora organum Linn, 
by Dana in 1848, where it is cited as the type of Lamarck’s genus. The 
Spring ophyllum of Edwards and Haime (1850-4) is monotypic with 
Sarcinula Lamarck Dana and thus is a nomen nudum. M’Coy (in label- 
ling specimens) and other authors have followed Edwards and Haime’s 
error, consequently their Spring ophy Hum organum is a synonym of Sar- 
cinula organum, as employed below. The writer has searched for the type 
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of this genus in the Linnean Society’s collection, but although it would 
be easily identified from Linnaeus’ figure (VI, Plate 4, 1749), he finds that 
it has been lost. 

Billings (1866, 33) in a footnote to his second description of Calapoecia 
anticostiensis, writes, “ This species appears to be congeneric with Syrin- 
gophyllum organum — Sarcinula organu7n. Should this view turn out to be 
correct, then the generic name must, of course, be changed.” Etheridge 
(1878) published the description of a form which he called Sarcinula 
organum Lam.; this has been shown above to be C. canadensis var. anti- 
costiensis forma arctica Troedsson. Lindstrom (1880, 36) was of the 
opinion that Calapoecia “ comes nearest to the genus Spring ophy Hum to 
which it is obviously related.” Nicholson (1889, 317-8) follows Billings’ 
opinion of C. anticostiensis, which he said “ proves to be really quite differ- 
ent from the others, and to be nearly related to the genera Spring ophy Hum 
and Thecostegites” \ and in a letter to AVhiteaves (1879, 159-9): “Cala- 
poecia anticostiensis, Billings, is not generically separate from Syringo- 
phyllum, and must stand as Spring ophy Hum anticostiense, Billings sp.” 
This conclusion, however, was not followed by later authors. Troedsson 
(1928, 120-3) and Kiaer (1930, 65) have briefly pointed out the close 
affinity of these two genera. 

The present writer has been able to examine thin sections of only nine 
specimens from various localities, referred to this species. 8 . organum is 
found from the Bala (M’Coy 1851, Marr 1885) up at least to the Leptaena- 
limestone (Lindstrom 1888). It appears rather before the general distribu- 
tion of Calapoecia^ therefore {See section on Stratigraphical and Geo- 
graphical Range). From a study of the available specimens the following 
details have been established. 

In S. organum the corallites are circular and their walls are fairly thick 
and compact; they are apparently the product of lateral amalgamation 
of septa. The septa are in some cases seen to project a little from the 
wall and probably, therefore, are produced periodically into short, blunt 
spines arising from a low, ridge-like septum in a way similar to that in 
Calapoecia. These septa are twenty-four in number. The wall is pierced 
periodically by a horizontal row of rather elongate pores. The tabulae are 
more remote than in Calapoecia and are almost always complete. They 
may run straight across the corallite, being as a rule slightly concave, or 
they may lie very obliquely. In some cases infundibuliform tabula have 
been observed. So far as can be seen the end of the funnel, thus developed, 
is closed. 

With regard to the extra-corallite structure, an interesting variation 
is found to occur in these specimens. The most primitive “ coenenchyme ” 
seen was made up of many tabula-like, horizontal diaphragms with occa- 
sional upturned processes joining them. This is indistinguishable from 
that seen in C. canadensis var. anticostiensis forma arctica. In the speci- 
mens showing this (B.M. R305il3, “ group 5a Hero, Norway,” and R30514, 
“ group 4 Oskarskal, Hero, Norway,” Plate IV, figures 5, 6) “ costae,” 
alternating with pores, extend into the coenenchyme, again, just as in 
forma arctica. Indeed, the whole appearance is so similar to that form 
that identification with it is only prevented by the number of septa, their 
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shortness, and the character of the wall, which is thicker and much less 
cribriform (i.e. the pores are smaller). The tabulae, too, are more remote 
and more regular than in forma arctica, although we have seen this is a 
variable character in Calapoecia. The pores occur opposite the space 
between each of the principal diaphragms, that is about five in 6 mm. 

The other examples of this species show the horizontal diaphragms 
of the coenenchyme becoming progressively more remote; but pairs remain 
in close proximity so that the spacing out of their diaphragms is effected 
by a zone of non-deposition of coenenchyme for a certain distance above 
each pair. A specimen from the “Lower Silurian, Lepiaena-limestone; 
road from Boda to Osmundsberget, Riittoik district ” Dalecarlia (B.M. 
R30150), shows a rather irregular arrangement of diaphragms which are 
more remote than in the examples first described. The “ costse '' can be 
seen as low ridges on the external surface of the corallites, but where the 
diaphragms meet this surface they extend out on to them and, just as in 
Calapoecia, occupy a polygonal area around the corallite. These polygonal 
areas are seen to perfection in one of M’Coy's specimens (S.M. A6654) 
from the Coniston limestone (Bala) of Coniston Water. It is the negative 
impression of the upper surface of S. organum and shows, moreover, that 
the polygonal areas round each corallite are in contact. The rows of pores 
in B.M. R30150 are 1-5 mm. apart, which is considerably more than in 
the first-described examples. Similar to this is a specimen collected by 
G. J. Hinde from Gotland and kindly lent to me by Dr. Stanley Smith. 
It differs in that the diaphragms are laid down in a concave fashion and 
turn up sharply before they reach the corallite wall, with the result that 
in this region each successive diaphragm lies over that immediately suc- 
ceeding it as an open cone over cone. In these examples the diaphragms 
are not arranged in pairs. 

Another specimen of M’Coy's, S.M. A6657 from the Coniston lime- 
stone of High Haume, England, shows the diaphragms definitely arranged 
in pairs which are fairly remote from the next (Plate IV, figure 7). The 
corallites communicate with the space contained within the diaphragm 
pairs through oval pores, which lie on horizontal rows. The rows of pores 
are about 3 mm. apart. An example from Yamlingbo, Gotland (B.M. 
25852), is similar to this, but the mural pores are about 2 mm. apart (Plate 
IV, figures 4a, b). These two specimens are linked by one collected by 
Professor A. E. Trueman from the Upper Llandovery of Oslo and kindly 
lent to me. Here the pores vary from 2 to 3 mm. apart. Rows of pores 
3 to 5 mm. distant are seen in B.M. 56147, from Group 4, Oslo. Here the 
diaphragms lie comparatively straight. 

In these few specimens alone there is a sufficiently gradual variation to 
show that they cannot be satisfactorily placed in separate groups distin- 
guished by the structure of coenenchyme. In this morphological series we 
have traced a gradual rearrangement of the simple type of coenenchyme 
identical with that seen in the most developed Calapoecias. It is possible 
that the squamulse described by Lindstrom (1882, 72, and Taf. VI, 5 and 
6), and seen in all but the most Calapoecia-like of the specimens mentioned 
above, represent vestigial diaphragms. Troedsson (1928, 120, 123) has 
already remarked on this, but he did not notice the morphological relation 
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between the Sardnulae. He mentions two forms, the Swedish organwrij 
which corresponds to the more advanced of the examples described above, 
and the Norwegian form, considered by him not to be 8 . organum, cor- 
responding with the more primitive (Ca/apoecia-like). Evidently Troedsson 
had studied very few thin sections. 

It must be emphasized that these remarks on Sarcinula organum are 
made in order to compare that species with Calapoecia and not as a study in 
itself. The suggested conclusions would have to be checked with a study 
of a great many more specimens than the writer has been able yet to see, 
and also stratigraphical questions would have to be closely considered. But 
the facts gathered so far may be summarized. 

The more developed forms of Calapoecia have in common with Sarci- 
nula organum: a corallite stereozone and no epitheca; “ costse ” which ex- 
tend over a polygonal area around each corallite, this area being conti- 
guous in juxtaposed corallites; an inter-corallite region composed of 
horizontal diaphragms; and well-developed mural pores connecting the 
corallites with the ‘ coenenchyme.’ They differ on the following points: 
the septa in Calapoecia are twenty in number, those in Sarcinula are 
twenty-four; the wall in Calapoecia is much more openly cribriform than 
in Sarcinula (it is not inconceivable that a more C alapoecia~lik.e Sarcinula 
might be found in which the wall is less compact) ; this is because the septa 
in Sarcinula are in lateral contact for practically all their radial extent, 
whereas those of Calapoecia end free; the tabulse are constantly more 
remote and rarely incomplete in Sarcinula. 

The difference in number of septa seems the most important point here; 
for just as the astraeoid trend may be expressed by different lineages of 
Rugose corals, so in these earlier forms (Tabulates) the advanced Cala- 
poecia condition might have been reached by two different stocks at roughly 
the same time. The only structures that are present and, therefore, liable 
to vary are the same in each case — septa and tabulfe, the diaphragms being 
considered as only extra-stereozone tabulae. One variation, then, working 
on these two forms would be likely to produce a very similar result, and 
perhaps structures originally disposed in different ways would be brought to 
conform. Throughout the variations from typical C. canadensis to forma 
arctica the number of septa remains constantly twenty. S. organum has 
twenty-four. In view of these facts and possibilities Calapoecia and Sar- 
cinula cannot be regarded as congeneric. They are probably quite closely 
related, however. Here the matter must rest until a Sarcinula more primi- 
tive than the examples yet described is found. 

The Devonian Thecostegites bouchardi (Michelin) is closer to Sarcinula 
than to Calapoecia in the structure of its corallites; the intercorallite tissue, 
however, is not very dissimilar from some of the less regular examples of 
the latter genus, but the horizontal elements are more distorted (B.M. 
R6291). 

The nearest parallel to the “ wall ” structure of the typical C. cana- 
densis is seen in Cleistopora geometrica (Edwards and Haime), which was 
the subject of a recent paper by Smyth (1933, 169) . 

"A horizontal section of the common wall between two corallites (figure 10) 
composed of two sets of septa baok to back. Sometimes there appears to be a common 
zone between them in which the fibres are perpendicular to the plane of the wall, and 
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continuous with those of both series of septa. In this case there may be a dark line 
continuous for a short distance along the middle of the common zone; but its place 
may be taken by a row of dark spots, in which case the wall appears to consist of 
septa alone” 

Smyth corrects Nicholson’s (1888, 151) impression that the mural 
pores were tortuous and shows them to be straight. However, they are 
much rarer than in Calapoecia and the wall apparently is not rendered 
cribriform by their presence. There are twenty-eight septa, which as in 
Calapoecia occur as ridges; but they are not raised to spines as in that 
genus. Furthermore, they are continuous with the central reticulate tissue 
so characteristic of Cleistopora. Smyth also shows that tabulse are pres- 
ent in Cleistopora geometrica; their presence was unknown before his work. 

The interest of Cleistopora geometrica in this connexion lies in the 
fact that it is a colonial form with the intercorallite “ wall ” made up of 
septal elements alone; and also in that pores break this wall. But it differs 
from Calapoecia particularly in the presence of a loose, reticulate structure 
in the visceral cavities of corallites, in the comparatively feeble development 
of the pores, and in the number, and to a less extent, the habit, of the 
septa. Nicholson’s figure la-d and Smyth’s Plate VIII, figures 1-10, 
illustrate these points. ^ 

Dr. Bassler has kindly sent me specimens of Nyctopora and Lichenaria 
to compare with Calapoecia. Of these Nyctopora crenulata Bassler, from 
the Trenton (Hermitage) of Gordonsville, Tenn., comes nearest to the 
genus. It differs in having true corallite walls, which are not cribriform. 
The septa are lamellar and apparently not serrate. In the character of its 
septa N. crenulata is nearer to Calapoecia than to Favosites. 

It has been pointed out above that Calapoecia and Lyopora are not 
very dissimilar. In Lyopora the corallite wall is apparently made up of 
septal elements back to back. Although descriptions hitherto have 
emphasized the compactness of the wall in this genus, the present writer 
is of the opinion that such compactness may largely be due to preservation 
and that originally the wall might have been porose. This view is based 
on a study of thin sections (*See especially Plate II, figure 10). 

The genus Calapoecia has usually been regarded as one of the Tabu- 
lata, with the provision, in most cases, that C. anticostiensis is not a Cala- 
poecia (Nicholson 1879 and 1889; Zittel 1879, 1903, 1915, 1927; Roemer 
1883), It has been shown above that C. anticostiensis is unquestionably a 
Calapoecia, and, therefore, cannot be omitted in a discussion of systematic 
position. Sardeson (1896, 276) discusses a form which he calls “ II ough- 
tonia cf. huronica Rominger ” from the “? Upper Silurian ” of Cumberland 
sound (= Cumberland gulf, southeast Baffin island).- He describes this in 


^ I sent Professor Louis Smyth sections of G. canadensis for examination, and he has 
since replied (personal communication, April 1935). “There is certainly a resemblance 
in septal structure between Calapoecia and Cleistopora .... but the diflferencea (you 
enumerate them) seem to me to outweigh this likeness”. 

2 1 have never seen a reference to fossiliferons strata in this locality and it is 
possible that Sardeson is mistaken. This is supported by Soper’s (1923, 4) remark that 
“The rocks . . all about Cumberland sound are Pre-Cambrian.” Fossiliferous Ordovician 
rocks are known at the head of Frobisher bay, the large gulf immediately south of Cum- 
berland sound. Sardeson does not say how he acquired his specimen, but there was a 
German International Circumpolar Station at Sirmilling bay (Cumberland gulf) in 1882 
and it is possible that it reached him through a member of this. If it did, there is 
some reason for the mistaken locality. I have noticed, too, that the Eskimo often pick 
up and keep fossil corals if the structure is sufficiently obvious; it is even possible that 
the specimen reached Sardeson indirectly in this W’ay. 
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terms of a HelioUtes, speaking of autopores, siphonopores, and pseudosepta. 
The identification was made from Rominger’s figures and hence need not 
necessarily be correct. If he were looking at a Calapoecia then the occasional 
boundaries of wdiat he regarded as siphonopores were “ costae ” cut across 
in longitudinal section. His figure 14 could be construed in this way. 
With regard to his figure 13, it is possible that he saw “ costse ” radiating 
from a corallite and has drawn them as confluent with those of its neigh- 
bours, by inference. The spaces between “ costse ” (if it is a Calapoecia) 
he calls siphonopores. But Sardeson was evidently not certain about his 
identification. From his rather unsatisfactory description it seems probable 
that Sardeson is considering a specimen of C. canadensis var. anticostien- 
sis. His notice of the irregularity of coenenchymal structure at the contact 
with corallites also recalls the behaviour of this variety. Sardeson gives 
the number of septa as up to 25, which, if it is a true count, would place his 
specimen elsewhere. But as the septa are difficult to count except in thin 
section it is possible that there is inaccuracy. In view of the analysis above 
the writer is inclined to believe that Sardeson was describing a Calapoecia. 

Lindstrom classed Calapoecia with the Heliolitidae in 1876 (12 and 17), 
but later (1899, 25) revised this view “ as it is provided with a perforated 
theca, with an unstable number of septa, twenty or more or less, and a 
quite different sort of coenenchyma.” He gives England as a locality and 
thus was presumably including Lyopora. This w'ould account for his opin- 
ion that tho septa varied in number. The difference between the coenen- 
chyme of Calapoecia and the Heliolitidae has already been discussed. 

The most convenient course with regard to its systematic position 
is to consider Calapoecia as a member of the Tabulata. It is aberrant in 
that there is no true wall and in the thickening (not stereoplasmic) of the 
septal elements. Professor Smyth has drawn my attention to a certain 
Chaetates which has thickened its walls phenomenally (Smyth, 1925). The 
constant number of septa and their spinose nature favours the inclusion 
of the genus Calapoecia in the Tabulata. 
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Table of Stratigraphical Distribution of Calapoecia 

on Akpatok Island 


Approximate 
heipht above 
M.S.L. in feet 


Associated fauna fonly partly 
identified) 


650 


^Beatricea undulata Bill. 

1 Uuronia septata Parka 


m 


CUmaeograptus inuifi Cox 


450 


C. canadensis var. anticostiensis 
Bill 


Ceraurinus icarus (Bill.), C. 
daedalus Cox, Ceraunis tuher- 
osus Troedason, Galymeite cf. 
meeki Foierste, Jllaenus eucen- 
trus Troedason, Shamattawac^ 
eras cf. ascoceroides Foerste 
and _ Savage, Streptelasma 
arcticum Wilson 


400 

350 , 


300 , 


Sea-level 


Calapoecia canadensis Bill 


C. canadensis Bill., 0 . canadensh 
var. ungava nov. var., C. 
canadensis var. anticostiensis 
Bill. 

C. canadensis var. ungava 


C, canadensis var. ungava 


illlaenus groenlandicus Troedason, 
I Ceraurus ep. 

[Ceraurus horridus Troedason, 
j Pterygometopus fredricki 
[ Slocom 


Westonoceras sp. 

flllaenus groenlandicus Troedsson, 
Ceraurinus icarus Bill., Strep- 
telasma robustum Whiteaves, 
8. arcticum Wilson 


STRATIGRAPHICAL AND GEOGRAPHICAL RANGE 

Calapoecia is typical of strata of Richmond age. Ulrich (1911, 306) 
has written: “This late Richmond horizon. .. .is characterized by an 
association of corals, bryozoa, and brachiopods that may be recognized 
immediately. Because of the presence of the genera Haly sites, Heliolites, 
Calapoecia, and Favosites it has frequently been identified wdth Niagran.” 
But there are records of Calapoecia from beds of ages other than this. 
Since the correlation of such beds is hitherto disputed, the question is 
reviewed in some detail. 

OCCURRENCES IN STRATA OF POST BLACK RIVER OR LATER AGE 

Wyoming. In the Bighorn limestone with a Richmond assemblage of 
corals (Ulrich in Darton 1906) ; Calapoecia resembling huronensis and 
anticostiensis (probably var. ungava nov.) and Calapoecia sp. indet. 
(Darton 1906, 548-50) (See Miller, 1930). 

Kentucky. “Hudson River Group,” Nelson county {‘^Columnopora 
rayi^^ and “ C. cribriformis” Davis 1887); lower part of Liberty bed, 
Henry county and Marion county, Richmond (“ C. cribriformis ”) Foerste 
1909; Waynesville of Elkhorn (Hussey, 1926, 148). 
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Indiana and Ohio. Liberty formation, Tanners creek; base of the 
Saluda, Cedar creek near Versailles; and Lower Richmond (“Col. cribri- 
jormis ” Cumings 1908, 688, 701) ; lower part of the Saluda, Madison, Ind.; 
base of the Liberty bed, Clarksville, Ohio; Richmond, Ind.; Whitewater 
bed of same locality (Foerste 1909, 310; 1903, 345) ; lower part of Liberty 
bed, Madison, Ind., and Southwest Ohio {H. huronica Rominger 1876; 
“ C. cribriformis ” Nicholson 1874-5; See Foerste 1929, 143). 

Lake Huron Region. Manitoulin island and Drummond island in the 
Waynesville and the lower part of the Whitewater beds (Billings 1865, 
Rominger 1876, “ C. cribriformis ” Foerste 1916, 294), Big Hill beds, Michi- 
gan C. cribriformis ” Hussey 1926, 148) ; Perce, Quebec, in the Upper 
Ordovician beds 2 and 7 (Schuchert and Cooper 1930, 169). 

British Columbia. Beaver foot range, Windermere area, Kananaskis- 
Palliser area (“ C. anticostiensis Wilson 1926, 9). 

Manitoba and Saskatchewan. The original correlations in this region 
have recently been revised. Dowling (1900, 69, 79, 81F) records C. cana- 
densis from the Upper and Lower Mottled Sandstone which were included 
by Foerste (1926 and 1929) in the Red River formation. The Stony 
Mountain formation above this is definitely Richmond and also contains 
Calapoecia (Twenhofel, 1928, 66-71). Foerste (1929, 143-6) was formerly 
inclined to regard the Red River formation as of Richmond age on account 
of the coral and brachiopods present; but in 1932 (56) suggested that it 
might be of an intermediate horizon. Dowling (1900, 49F) thought that 
these beds “ suggest a passage from Black River to Trenton.” 

The revision of the south Manitoba section raises several points with 
regard to the correlation of the Ordovician rocks of Hudson Bay region. 
Savage and van Tuyl (1919, 341-2) record Calapoecia cf. canadensis from 
the Ekwan River limestone (Niagaran, according to those authors), the 
Shammatawa limestone (Cincinnatian), and the Nelson River limestone 
(Mohawkian). But Foerste (1928, 27, and 1929, 138) correlates those 
beds differently. The Nelson River limestone he considers the equivalent 
of the Red River formation (probably of the Dog Head member) on the 
presence of diagnostic cephalopods, and the Shammatawa limestone of the 
Selkirk, or a little later, on account of the brachiopod fauna. 

Certain other recorded occurrences of Calapoecia in Manitoba district 
may be noticed: Whiteaves’ (1881, 57c) Col. cribriformis from the “ Galena 
limestone ” of E. Selkirk and the Red River; and Tyrrell’s (1898, 91f, 75f) 
record of C. canadensis from Churchill in strata similar to a high horizon 
in the Trenton limestone of Manitoba (See also Mclnnes, 1913, 60). 
Bassler (1915, 1456) suggested a Richmond age for this Red River fauna 
and Foerste (1928, 30) wns inclined to agree with this. 

Alaska. In the Port Clarence limestone, probably of Richmond age 
(Kindle 1911, 344-6; Cairnes 1914, 67, 69). 

The Arctic Regions. In the probably pre-Richmond strata of Akpatok 
island {C. canadensis, var. anticostiensis and var. ungava) ; the Cape Cal- 
houn beds of Northwest Greenland (C. canadensis, var. anticostiensis and 
forma arctica auct. after Troedsson 1928, Koch 1929). There are certain 
reasons for believing that Richmond forms are represented in the collections 
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from the head of Frobisher bay, Baffin island, which Schuchert (1900) 
regarded as Trenton. C. canadensis is included in this material. Schuchert 
made his correlation on the maximum number of species referable to a 
single horizon. But the material was not collected from in situ. Schuchert 
writes (1900, 175): 

“ The BaflBn Land fauna has an early introduction of Upper Silurian genera in 
the corals Halysites, Lyellia, and Plasmopora. In Manitoba similar conditions occur 
in the presence of Halysites, Favosites, and Diphyphyllum. Other Upper Silurian 

types do not appear to be present This fauna shows an intimate relationship 

with that of the Galena of Minnesota, Iowa, and Wisconsin. Fifty-seven per cent 
of the species of Baffin Land also occurs in the Galena of the region just mentioned.” 

Schuchert was of the opinion that the fauna represented by the few 
fossils brought by Bell (1897) from Akpatok island “ connects directly 
with that of Silliman's Fossil Mount” (Baffin island). Whiteaves (1899, 
433-4), who described this fauna, considered it “remarkably similar to 
the fossils of the Trenton formation of the Red River valley in Manitoba,” 
which Schuchert accepted. It has been shown above that part of the 
“ Trenton ” of Red River valley is probably Richmond. But Ulrich (in 
Willis, 1912, 217) thinks this Baffin Island fauna is of Upper Black River 
age. Foerste (1928) described some cephalopoda collected from Putnam 
highland (probably from somewhere about longitude 74 degrees west), 
farther w'est in Baffin island, and compared them with the Red River fauna. 
Unfortunately the relation between the Lower Palaeozoic rocks developed 
in East and West Baffin island has not been wmrked out yet. Miss A. E. 
Wilson (1931, 187, 188, and in Soper 1928, 125) records the occurrence of 
“ C. anticostiensis ” and “ C. borealis ” in the drift near Amadjuak lake. 
This development is most probably connected with that of Putnam high- 
land. 

The difficulty in estimating the validity of Schuchert’s correlation lies 
in the fact that the fossils were collected from scree and may belong to more 
than one horizon. Bassler (1911, 36) has noticed this and concludes that 
“ the geologic section at Baffin Land consists of Black River strata resting 
upon the old crystalline rocks, followed by an early Trenton formation 
equivalent to the Stewartville and Prosser Limestones of Minnesota, and 
this in turn succeeded unconformably by the widespread coral zone of the 
Richmond Group.” Professor Schuchert (personal communication, 1935) 
tells me that “ for many years I have believed that many of the fossils I 
described or listed from Silliman's mount are really of Richmond time.” 

The age of this eastern Baffin Island fauna is important because certain 
small arctic collections have been compared with it. The fossils collected 
by Schei from Norman Lockyer island, Ellesmere island, are considered by 
Holtedahl (1913, 11, and 1917) to be “of the same age as the bulk of the 
forms described by Schuchert.” These include C. canadensis, which on 
inspection proves to be var. anticostiensis. This variety (= C. anticos- 
tiensis Bill.) is otherwise unrecorded from strata lower than the top of the 
Trenton. The Streptelasma comiculum recorded by Holtedahl (1913) from 
the same collection proves not to be this species, but a new species of 
Holophragrna. This materially weakens the Trenton correlation. 

The remaining occurrences of Calapoecia in the Arctic regions cannot 
be related to any definite horizon at present. Whitfield's (1900) con- 
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elusions as to the age of the specimens, including Calapoecias, brought back 
from cape Harrison, Princess Marie bay, Ellesmere island, cannot be re- 
garded as necessarily correct. “ These species would indicate a geological 
horizon about the same as that of the New York Niagara or Clinton group,” 
he writes ; but an examination of his evidence shows how slender it is. His 
material, presumably collected from scree, consists of a Helitocoma or 
Ophileta. “ The species is evidently of float material, and consequently of 
little or no value geologically. The remainder of the material consists of 
corals, partially silicified, in limetsone, and one very good example of a 
Receptaculites, resembling R. oweni Hall,” but which he describes as a new 
species. All the corals are made into new species. In fact there is not a 
single specimen that can be compared directly with any of a known fauna. 
Schei (1903, 2-3) found that the limestone of Norman Lockyer island was 
also present at cape Harrison. 

It has been indicated above that the Norman Lockyer Island limestone 
might quite probably be of post-Trenton age. Schei’s recognition of the 
same beds at cape Harrison makes it seem far from unlikely that Whit- 
field's specimens came from the same horizon. Holtedahl (1913, 12), how- 
ever, accepts Whitfield’s evidence of age and refers the fossils, therefore, 
to the higher beds of cape Harrison. To the present writer this seems 
unnecessary, especially since Whitfield’s descriptions are inadequate. 

Etheridge’s (1878) Sarcinula organum, shown above to be Calapoecia 
canadensis var. anticostiensis forma arctica, also came from Ellesmere is- 
land. It w^as collected at cape Hilgard, which lies on the north shore of the 
entrance of Dobbin bay. Fielden and De Ranee (1878, 558) write: “An 
anticlinal axis ranges northeast through cape Hilyard, along which more 
ancient Silurians appear to be exposed, as Mr. Etheridge has determined 
some of the fossils from this locality, and others in the neighbourhood, to 
belong to Lower Silurian types, as Maclurea magna, Receptaculites occiden- 
talis, R. arctica.'^ Troedsson (1928, 143) provisionally regards the R, occi- 
dentalis and R. arctica Etheridge as the same. Thus AVhitfield’s R. pearyi 
(1900, 19) from Princess Marie bay, and alluded to above, is identified with 
Etheridge’s specimens. Troedsson described examples of this species from 
the Cape Calhoun beds (Richmond, &ee Koch 1929, 38), but he makes it 
plain that no examples from the Gonioceras Bay limestone (Black River) 
are included. The latter horizon is included in the Receptaculites lime- 
stone of Koch (1929, 28). The Maclurea magna Lesueur was identified by 
Etheridge apparently from the figures and descriptions of Lesueur (1818), 
Hall (1847), and M’Coy (1850-1). This form is now known as Mac- 
lurites magnus (Bassler 1915, 779) and is Chazyan.2 But correlation on 
the other identifications of gasteropoda is by no means definite, as was 
pointed out by Foerste (1928, 30) in the case of the “Maclurea magna” 
from the Red River formation, Manitoba. Thus, if the evidence of the 
Receptaculites alone is taken, the Cape Hilgard beds would appear to be 

^ “ Cape Hilyard ” mufit be cape Hilgard. I have not been able yet to re-examine 
Etheridge’s fanna but intend to do so because a revision of their nomenclature, in 
the light of more recent work, might provide additional stratigraphical knowledge with 
regard to this relatively little-known area. 

2 But Ulrich oonaiders Etheridge’s M. magna as possibly related to the Red River 
Maclurina magna (Richmond) (Foerste 1928). 
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what is known at present as Richmond. Foerste (1928, 30) also thought 
it probable that Etheridge’s localities were in Richmond strata. 

Anticosti Island. “ C. anticostiensis ” (including C. canadensis) occurs 
in the English Head (2-4); Vaureal (1-4) (= Charleton) ; and Ellis Bay 
(4-7, 9) formations (Twenhofel 1928). 

Russian-Baltic Area. “C. canadensis” is recorded from FI, Lyckholm 
beds, and F2, Borkholm beds, of the island of Dago (Twenhofel 1916, 
296, 308, and Bassler 1911, 19, 36). Bassler originally correlated the Lower 
Lyckholm with early Trenton (1911, 9). Twenhofel showed later (1916), 
and Bassler agreed, that faunistically the Lyckholm and Borkholm beds 
are identical ; and further that the Borkholm is to be correlated with whole 
or part of the Ellis Bay formation of Anticosti; hence the Lyckholm repre- 
sents some part of the Vaureal (Charleton) and is equivalent to the upper 
part of the Richmond. The Borkholm beds have no representative in the 
interior of America (Twenhofel, 1916). 

Norway. Kiaer’s (1897, 39, 40) Calapoecias from the Mjos limestone 
(5b) were later (1930, 59) referred to Lyopora favosa. Those' from Ringer- 
ike (1897, 6-27) are from stage 5b. Dr. Strand tells me that according to 
opinion prevailing at present this formation is considered older than 5b. 
Stage 5b was finally considered by Kiaer (1930, 19) to be Silurian and is 
separated by a stratigraphic al break from 5a, thus giving an Ordovician- 
Silurian boundary (Strand 1933). Twenhofel (1928, 82) correlated stage 
5 of the Oslo region with the Ellis Bay and Vaureal formations of Anticosti. 
It is probable, then, that the Calapoecias occur at about the same horizon 
in Norway as they do in America. The C. canadensis recorded by Kiaer 
(1929) from the limestone and shale series of Upper Vikenes and Lim- 
buviken, Stord, seem also to be of this age; for the strata are correlated 
with the Gasteropod-limestone of Oslo and the Baltic Lyckholm beds. 

Sweden. Calapoecia is recorded from the Leptaena-limestone in 
Dalarne (Lindstrbm 1880, 36, 1888, 23; Kiaer 1897, 48), and according to 
Miss Warburg (in Kiaer 1930, 65) it comes from the Upper Leptaena-lime- 
stone. There has been considerable difference of opinion with regard to 
this limestone, which probably represents several horizons. 

Miss Warburg (1925, 412) considered the Upper Leptaena-limestone to 
be of the same age as the Brachiopod shales, the Klingkalk, the Keisley 
limestone (Ashgillian) , the Esthonia stage F, and Kiaer’s stage 5, which 
Kiaer (1897, 53) himself thought to be equivalent to the British Bala- 
Caradoc. The age, then, in Twenhofel’s (1928) correlation would be equi- 
valent to the Ellis Bay and Vaureal. But more recently Troedsson and 
RoswaU (1926, 456) write: “ Since the trilobites, received from the quarry 
at Kallholn, form the typical fauna of the “ Upper Leptaena limestone ” 
(Warburg) , the latter has to be classified as Silurian on account of the 
interstratified shale with Monograptus gregarius, Climacograptus, cf. torn- 
quisti, etc.” And later (Troedsson 1928, 181) “This necessitates also the 
including not only of the Norwegian stage 5b but also the Dalmanites 
shale in the Silurian, even if the latter is older than the Kallholn. The 
ostracod fauna of the Silurian Dalmanites beds is very similar to the 
Clinton ostracods of Maryland recently described by Ulrich and Bassler. 
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The question whether the Lyckholm and 5a, partly or entirely, are Silu- 
rian or not, has still to be left open.’’ But in his table (179) Troedsson 
correlates F 2 (the Borkholm) with the Clinton. This contradicts Twen- 
hofel’s conclusion, which, however, is upheld by Strand’s work on the 
cephalopods of the Gasteropod limestone (5a) of the Oslo region (1933, 
107). 

Jones (1928, 513) offered evidence, based on Sowerbyella and Leptel- 
loidea species, in favour of the conclusion made independently by Troeds- 
son. But he is of the opinion that such an horizon is unrepresented in 
America (1925, 387-8). Ulrich (1926, 347), however, differs from this 
view. Twenhofel (1928, 78, 80) has made direct comparisons of faunas 
and, although the number of species common to the two areas is not large, 
inclines to correlate the Caradocian and Ashgillian of the Haverfordwest 
district with the English Head and Vaureal; the Keisley limestone and that 
of the Chair of Kildare with the Vaureal and lower part of the Ellis Bay; 
the Haverford and Millin stages with the upper division of the Gun River 
and the lower division of the Jupiter formation. This is important, for 
difficulty in correlation between Europe and America is increased by the 
individual fossil nomenclature of each continent. 

Siberia. C. cribrijormis ” from the banks of the Middle Tunguska 
(presumably the Steiniger Tunguska river of Stieler 1930-1, Map 68) is 
recorded by Lindstrom (1882^, 12-13). The fossils collected with it were 
loose and apparently at least two horizons are represented. The lower 
of these, in the presence of “ Calapoeda cribrijormis Nich.”, Columnaria 
alveolata Goldj., and Plasmopora affinis (Bill.), was regarded as equivalent 
probably to the “ Lfeptaena-limestone ” of Dalecarlia and the “ Hudson 
River group” (10). Lindstrom compared the Siberian specimen with 
material sent to him by Nicholson, so it is almost certainly C. canadensis, 
as understood here. Plasmopora affinis (Bill.), now Lyellia affinis (Bill.), 
ranges in Anticosti strata from stage 4 of the Ellis Bay to the Chicotte 
formation; Columnaria alveolata is seen earliest in stage 4 of the Vaureal. 

OCCURRENCES IN STRATA OP BLACK RIVER AGE 

The type of C. canadensis came from the “ Black River limestone, near 
Ottawa ” (Billings 1865) . It has also been recorded from Little Chau- 
di^re, Ottawa river, Mechanicsville (Ami, 1902, 714) and “ North End of 
lake Huron, province of Quebec, and on Anticosti ” Foerste (1903). Lambe 
(1899, 44) gives the following Black River localities for C. canadensis: 
Hull (Ottawa); Paquette rapids, Ottawa river; near point Blue, lake 
St. John, Que. Foerste (1932, 56) found a specimen in the upper part of the 
Black River formation exposed on Cloche island, in the north part of lake 
Huron. 

Bassler (1915, 154) remarks that it is “possible that the types of C. 
canadensis were derived from the Richmond and not from the Black River.” 
The writer has been unable to confirm this; nor is he aware that a revision 
has been made of the fauna from Paquette rapids listed by Ami (1896, 153) 
and referred to the Birdseye and Black River. ^ He has not been able to 

1 Since the specimens of G. canadensis sent to me as topotypea by the Geological Sur- 
vey, Canada, came from Paquette rapids, this should be Billings’ type locality. I have 
not yet confirmed this. 
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confirm the age of Lambe’s Black River exposures, but from Foerste's 
(1924, 50) account of the Richmond of lake St. John it seems very much as 
though Lambe were regarding Richmond strata as Black River. Foerste 
does not mention Lambe’s “Black River" of this locality. i With regard to 
Foerste’s alleged Black River Calapoecias, the lowest beds on Anticosti are 
the Macasty Black Shales, probably equivalent to the Utica or Colling- 
wood shales of Canada (Twenhofel 1926, 63), and Calapoecia is not re- 
corded from them. The strata following these shales are Richmond. A 
Black River age for the rocks exposed at the north end of lake Huron was 
suggested by Bell (1898, 23 I) whose only mention of the fauna was “A 
considerable number of rather poorly preserved fossils have been collected 
from these beds. They belong to the Black River and Birdseye formation 
of the Trenton group." Foerste (1932, 55-6) records C. canadensis {C. 
cribrijormis) from the Black River of Cloche island. 

In view of the similarity of Black River and Richmond fauna, now 
well-known (Ulrich 1911, Foerste 1924), one is reluctant to accept early 
accounts of Black River strata as correctly correlated until they have been 
confirmed by later work. 


SUMMARY 

The genus Calapoecia Billings is revised and redescribed in this paper. 
It is found to be characterized by the presence of a very open stereozone 
bounding its corallites, and twenty, short, wedge-shaped septa rising 
periodically from the septal ridges, which alone make the corallite “ wall." 
This coral is regarded as a somewhat aberrant Tabulate. 

From a study of many specimens (including types) and thin sections 
the conclusion is drawn that there is only one species, C. canadensis Bill., 
and from this variations arise. Accordingly the following forms are 
recognized, certain “species" being regarded now as varieties or less: 
C. canadensis Bill., C. canadensis var. ungava (nov. var.), C. canadensis var. 
anticostiensis Bill., C. canadensis var. anticostiensis forma arctica Troedsson. 

The synonymy and all available accounts of the genus and species are 
discussed in detail, with the result that the following species become 
synonyms of those listed above: Columnopora cribrijormis Nicholson, 
Col. rayi Davis, Houghtonia huronica Rominger, Calapoecia borealis Whit- 
field. “Calapoecia favositoidea " Savage is found to be a Paleojavosites and 
not a Calapoecia. 

The genera Lyopora and Sarcinula “ Spring ophy Hum ” are considered 
in detail from actual examples (L. favosa (M’Coy) and S. organum 
(Linn.)), for comparison with Calapoecia. It is concluded that Lyopora 
cannot be regarded, at the present at any rate, as synonymous with this 
genus; and that Sarcinula, although showing some interesting similarities 
in structure, is not congeneric with Calapoecia. It was formerly thought 
to be congeneric with “ C. anticostiensis " Bill, 

1 1 have since received a letter from Miss A. E. Wilson of the Canadian Geo'logical 
Survey which confirms my suspicion of the Richmond age of Lambe’s Lake St. John 
exposure. Further, Miss Wilson tells me that the other localities of Lambe from Ottawa- 
Hull west, and the locality of Billings are regarded as Black River. She mentions a 
Black River specimen from Carden township, also southeast of Peterborough, identified 
by Dr. Raymond. 
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The stratigraphic al and areal distribution is reviewed carefully. 
Although it first appears as C. canadensis in Lake Huron region, the genus 
is highly characteristic of post-Trenton and Richmond strata, where it 
undergoes variation and is widespread. Calapoecia is found from Alaska 
eastward to Siberia (excluding the British Isles) and from Kentucky north- 
ward to Washington land in Northwest Greenland. 
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Plate 

Calapoecia canadensis Bill,, 0. canadensis var. anticostiensis Bill., and Lyopora favosa 

Figure 1. Calapoecia canadensis Bill. A small colony from Paquette rapids, near 
Ottawa, G.S.C. 113t6b, x §. The neotype here selected. 

Figure 2. Lyopora favosa (M’Ooy). Weathered longitudinial surface of a syntype. 
S.M. A5527, X 

Figure 3. Calapoecia canadensis Bill. A small colony from Salt river, Kentucky. B.M. 
R30147, X §. 

Figure 4)a. Lyopora favosa (M’Coy). Upper siurface of a syntype. Stinchar limestone, 
Craighead. S.M. A5i526a, x §. 

Figure 4b. Part of the same specimen enlarged x li. 

Figure 5a. Calapoecia canadensis Bill. Tuberose specimen from cape Smyth, lake Huron. 
Syntype of “C. huronensis” Billings. G.S.C. 1985, x I. 

Figure 5b. Part of the same specimen enlarged x IJ. 

Figure 6. C. canadensis var. anticostiensis Bill. Part of the upper surface of Billings’ 
holotype of "(7. anticostiensis". G.S.C. 2667a, x §. 


1 The following abbreviations are used in describing the catalogue numbers of specimens figured ; 


S.M Sedgwick Museum, Cambridge. 

B.M British Museum (Natural History). 

P.M-iQ Paleontological Museum, Oslo. 

M.M.K Mincralogical Museum of the University of 

Copenhagen., 

G.S.C Geological Survey, Canada. 


The enlargements or reductions indicated are approximate. 


Plate I 



44 


Plate II 


Calapocria canadensis Bill, and Lyopora favosa (M’Coy) 

Figures la and b. O, canadensis Bill. Sections of an abnormal specimen from the 
Cape Calhoun beds, Northwest Greenland. (See page 9) M.M.K. 431. 
Drawn on a camera lucida, x 1-13. 

Figures 2a and b. C. canadensis Bill. Sections of a specimen from Akpatok island, 
N.'W.T. a, S.M. ACGSSc, b, S.M. AG&89'b. Drawn on a camera lucida, 
X M3. 

Figures 3a and b. Lyopora favosa (MToy). Thin sections of a specimen from the 
Craighead limestone. S.M. A6382, x 1*13. 

Figures 4a and b. L. favosa (M’Coy). Thin sections of the syntj’pe figured on Plate 
I, figures la, b. SJVI. A5526b and c, x 1*13. 

Figiire 5a and b. C. canadensis Bill, ’I'liin section of a specimen from the Cape Cal- 
houn beds. Northwest Greenland. M.M.K. 433. Drawn on a camera 
lucida, X 1'13. 

Figures 6a and b. C. canadensis Bill. Thin section of a specimen from the Cape Cal- 
houn beds. Northwest Greenland. M.M.K. 428. Drawn on a camera 

lucida, X 1-13. 

Figure 7. C. canadensis Bill, Longitudinal thin section of a specimen from Warren 
county, Ohio, to show “diisruptive vesicles”. Cut from B.M. K30146, x L13. 

Figure 8. Calapoccia canadensis Bill. Part of weathered longitudinal section of a 
specimen from Akpatok island. S.IM. AG687. x 1-25. 

Figures 9a and b. C. catiadensis Bill. Thin sections of the sjntype of "C. kuronensis" 
Billings (Plate I, figures Ga. b). Cape Smyth, lake Huron. G.S.C. 1985, 
X M3. 


Plate II 
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PL.VTE III 

C. canadensis var. anticostiensis Bill., C. canadensis var. ungava nov. var., and 

Plasmoporelia convexotahulata Kiaer 

Figures la, b, and c. C. canadensis var. anlicostiensis Bill. Thin sections of Billings’ 
holotype of "Calapoecia anticostiensis". G.S.C. 2667a, x 1‘13. 

Figure 2. C. canadensis var. nngava nov, var. Credit river, near Toronto, Canada, G. J. 
Hinde Coll. Cut from Bjk. R21448, x 1‘13. 

Figure 3. C. canadensis var. anticostiensis Bill. Thin .section of a small colony from 
Akpatok island, N.W.T. S.M. A6692c. Drawn on a camera lucida, x 1-13. 

Figures 4a and b. Plasma porella convexotahulata Kiaer. Thin section of a metatype. 

Stage 5a, Stravnestangen, Ringerike, near Oslo. P.M.O. 13485 (S.M. A66^ 
c and d), x 1'13. 

Figures 5a, b, and c. C. canadensis var. anticostiensis Bill. Thin sections of a specimen 
collected by Sohei from Norman Loekyer island, Ellesmere island. P.M.O. 
A8616, X 1-13. 

Figure 6. C. canadensis var. anticostiensis Bill. Thin .section of a specimen from West 
cape, Anticosti island. Division B. G. J. Hinde Coll. Cut from B.M. 
R21535, X 1-13. 

Figure 7. C. canadensis var. anticostiensis Bill. Longitudinal section of a specimen from 
Akpatok island, N.W.T. S.M. A6693c, x 1-13. 


Plate III 



48 


Figures 

Figures 

Figure 

Figures 

Figure 

Figure 

Figure 

Figure 


Plate IV 


C. canadensis var. anticosiicnsis fonua arctlca Troedsson and 
Sarcinuhi organ urn (Linn.) 

la and b. C. canadensis var. anticosiicnsis forma arctica. Thin sections of a 
colony from cape Hilgard, Ellesniei e island. This specimen is the “ tiar- 
cintda orj 7 aHHm’' of Etheridge 1878. B.M. K4920, x 1'13. 

2a and b. C. canadensis var, anticostiensis forma arctica. Thin sections of 
portion of hole type of "C. arctica" Troetlsson. Cape Calhoun, Xorthwest 
Greenland. M.M.K. 3027. Drawn on a oiiinera lueida, x 1-13. 

3. C. canadensis var. anticostiensis forma arctica. Thin section of a specimen 
from cape Calhoun, Northwest Greenland (metatype of “C. arctica" 
Troedsson). M.M.K. 43C. Drawn on a camera lueida, x 1-13. 

4a and b. l^arcinnta organum (Linn.). Sections of a speciinen from Yainlingbo, 
Gotland. B.M. R25852, x M3. 

5. jS, organum (Linn.). Section of a specimen fi’om Group 5a, Herb, Norway. 

B.iSI. R30513, X M3. 

6. R. organum (Linn.). Section of a specimen from Group 4, Oscarskal, Hero, 

Norway. B.M. R31514, x 1*13. 

7. S. organum (Linn.), Longitudinal thin section of a specimen from the 

Caradocian of High Haume. England. S.M. AGaoTb, x M3. 

8. S. organum (Linn.). Section of a specimen from Group 4, Gslo, Norway. 

B.M. 56147. X M3. 
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